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ConA4deration is given in this study of the strke submarbin weapon system
to 1,he rollowing coinbinations of submarine tyles and missile types:

SubnariTe S umarine Power Plant Missile 1!Ae

Fleet Conversion iesel -- Elctri.a

New Construction . Nuclear Cruise

Onirelized submarine design dtA. re presented below for the above combinations.[The basis for these data are e%+,t!-V ig submarir designs and a preliminary sub-
marTne design rtudy,,

Tle.3e submarine data are eiplo .: . the determination of the relationsip botween
subtarine displacement (surfaca.) aria missile rang.e This developed relationship
pro ildes data for use in the determination of force requirements, Chapter 9,
weaon system costs, Chapter 10, R: i weapon srstem cperational availability,[ Chater .11,

A, SUB4aRINE DESIGN DATA -NEW CONSTRUCTION
1. Summary of Submarine lsigi Stu As tiona aoach

Method

SScaling techxniqu Be were developed for submarine displacement
as a functin of component weights and volumes. The constants
for these equati one were evaluated in accordance with muis:3on
requirements, , hen using the above functions tle amount of
weight and volume a.vailable for the ship's propulsion machinery
and armament was computed for various values of displacemwnt 0

Maxt the space and weight requirement; for the propulsion plant
were assembled. Also ahip's power requirements were computed
as a function oV displacement and speed, The power was then
translated to pover plant weight and volume requirements. These
values when subtracted from the space and weight available for
armament and machinery will leave the available character1. sties
for armament. 'he ratio of the available armament weight and

eei volume will give the allowable packing density

1) Letter No 140/12- 30/JSWJVH from AoIlMcIee, Electric Boats Division of
General .)ynamics Corpot,A.1on, to CONVAIR, Ponma, Division of General
Dynamics Corporation, At.n: Mr,, Juli-as Jcnas, dated august 22, 1955a
Subject: "FP-arln' of Fa_ ; . ,al (?ir , portion of the st-ike-

e~xJ a rii} LS flRET A
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F'or every case the allowab'te ar ament packing ernsi y wis
greater thaur the isile instalwtion requirements, con-
s.quently thr. detlij are volum, controlled and the curveu
are presentcd on thiai basis.

These equations assurie an appro:.dmate geometric family of
vessels and thus normal sealing rules hold.

NOMENCLATURE

IENGTH L
SURFACED MlSPLACE4ENT surf
SURMEEGED DISPLACEMENT ' sub.
SUEFACED VOLUE.1 - surf I
SUBMEROED VOLUME - ' sub.
MACHINERY WEIGHT :HA
MACHINERY VCWME -

ARMAMENT WEIGHT AA
AR M T VOLUME A'7
PEASONNEL (NUKER) -,P

WEIGHT EQUATION:

c c .^ 2/3 C 113 + C P + X, + ACZP. C
sur 1 "a-surf + 2 'eurf + 3 surf 1;

VOLUME EQUATION:
C ' ;Z7 urlC2 2/3 1. C" 7 113 f- C P4_'Zv4-AV C

' sur 1 ,urf, 2 N' surf 3 suf 4
Z2 surf when computed in this fashion may not necesarily be
equal to 9K7 r The larger term will control the design and
the other adeus d to reach the eqality, L\ 3, 7 ffo
Volume in every case vias found to be controlng

Asaumptiont in the evaluation of these equations:

1, The SSG will require ship's equipment similar to the
advanced attack submarine of today,

2, The hull will be designed for at least 700 foot oper-
ating depth,,

-F T



3 IFifte Iol ril-o -,J xz uin, Ui3. 1)2 supp)3xcd;

. .. . . ... . .. . . .. .. . ~ .b

The sh4 Is n,-irml ur v..: y 9,s or J- o

5) he ch~lre SSG will bo 3ePilya double hu0Ll craft,,

6,The nucJ ea;. 0 60 will have a greater portion of eiznghc
hu n I

5 Lfenso miaaaent will ir-,lie 2 Pyinut tubes and 4J
counter- - es-ure torpedos,

Pawar Calculations:

For estima es of saiumerg6d pewee the adviralty type ecq=tV.on
.4as used:

NOMIMCiATU .

SHIP'S '1'MED V
PowER a(IrSTwN, K
SHAFT tIORSE POIER P
GROSS .TISPLUCEMEN

SURIIERGED fAIR EQUATION:

P K 7V 4! 2/3

The K term combines the drz g cctfficient and propulsive efficiency,
Design tec:vd.ques can affect ccrsiderible variation of -the K value,,
The values se3lectOd a,'e coWsidered within reason for th,, service,
To recognize the more adverse configurations anticipated for the
cruise missile carrier K of .0055, Figure A-1, was selected ir. con.
tra~st. to the 0050 for the ballistic missile beat, Figuxe A-2

For the dieoel SSG the diesel-electric paovr plant is rated on the
basis of surfaced speed which represents its greater sp)ed capabil -

ity, Figur3 A-3, To obtain surface geometric series of the fleet
hull was d:veloped and referred o Taylor's Standard S&efies3

.Assumptions used in power calculations

L, The diesel SSG will be able to operate surfacei for
sufficient time to Justify tie use of a good rwfaced
hau11. form.

IiI
_ (. C' [ I



NOMENCIATUXi1

NUY3R OF MISSILES - n
CTLINDERICAL VOUME OF 14ISSILES - v
MISSILE DENSITI BASEID ON - p
GROSS VOUM, OF ARMAMENT SPACE A

where A, is measured in long tons of sal Iater.

A 7(l-09 t 003) .25 + lOO5(O.Oi56pnv)+2,75 w±2 s v]

Let p = 62 lb/ft)

Equation A-1: A 28t 4848 vl -i22 vn (For computations see Figure A-4)

For the submarine diaign based on carrying solid propellant
ballistic guided missiles the armamnt volume equation is as
follnos because of a differenci in missile density:

Equation A-2: A z 28 .48 V*4.63 in (For computations see Figure A-)

In the case of the submarine design based on carrying Mach 3.5
ramjet cruise guided missiles the development of the cruise

misile packing Is similar to -"tat of the ballistic missiles.
Handling and loading space allowance is equivalent to two
missiles. The armamnt volume equation is as follows:

Equation A-3: A 28 2, -'*3.42 nuv (For computations see Figure A-6)

2, Determination of Submaulne Vlsplacement

The armment volumes required for the three types of missiles described
in Chapter 31 ohtch volums are computed from the above Equations A-l
through A-3 and presented in Figures A-4 through A-61, are plotted in
Figures A-? through A-12 as a function of miosile gross weight and sub-
marn missile loading capacityo Other items of data plotted in Fig-

ures A-7 through A-32 are as follows: Missile range vs. missile gross
weight for guided missiles designed to carry fifteen hundred pound var-
heads; submarine surfaced displacement as a function of armament volune
and submmrine speed; and submarine propulsion power as a function of
submarine speed and submarine surfaced displacemnt* Figures A-7 through
A-9 show the data for nuclear powered submarines. and Figures A-10 through
A-12 depict the data for diesel-electric powered submarines.

The data contained in Figures A-? through A-12 are plotted so that sub-
marine displacement (surface may be determined as a functiont Of missile
range and submarine missile loading capacityp Figures 0-15 through G-20
in fart O, Volum II. These data are employed in the determination of
system force requirements, costs, and operational availabilityo

SECR ET
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Bo SUBAINE DESIGN DATA - FLET CONVERSION )

1. Yathod

This study has been restricted to the consideration of conversion
of the fleet guppy involving no major hull alterations. With this
restriction missile stowage will be either within existing torpedo
stowage spaces or within an external hanger added.

2o Intrnl ,Sto je

The internal stowage spaces are tailored for 21 foot missileso The
ballistic missile with a L/D of 1/1 can realise the full stowage
oapacity of 24 if tube stowage can be tolerated. No substantial in--
crease in missile size can be acommodated unless the missile i/D is
decreasedo The configuration of the small cruise vehicle does not
make internal stowage practicalo

30 Deck Hange Stowag

The following two criteria were set f'or the dock hanger installation:

a. The surfaced displacement of the converted submarine must not
exceed that of the emergena fueled condition.

b. The OR of the oonverted vessel must not be less than that for
the vessel in emergency conditiono

Them criteria dictate that the dens5ty of the missile installation#
V0.h # be approximately 25 pounds of cubic feet,

The feasibility of oonatruction of the missile Installation within
this value of dmnsity is confirmed by the Regulus conversions. To
maintain the emergency surfaced dLplacement fuel-ballast tanksp
4&9 499 A and 5B are used for water ballast and define the cut-off
point for missile installation volums of 170 tons.

On the basis of deck stowag consistent with the Jbglus type oonversion,
in accordance with the assumptions in Chapter 1, and in accordance with
the various system configurations described in Chapter 60 only converted
World War II diesel-electric fleet type submarines with a missile load-
ing capacity of two missiles are considerd in this study.

1) Memo from JSheffield Loonards Electric Boat, Division of General Dynaics
Corporation, to CCNaIR, Pomona, Division of General Dynamices dated
15 September 1955, Subject: "Summary of Submarine Design Study Assumptions
and Approach, SS Fleet Conversion". Confidential
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1 LIST OF S 43S

azpe :t ratio

t wingspan feet

r -ag root thickness inches
diameter inches

Idrag% (,n
i [sp specific impulse btr4

Ib/sec propelant

v  olIW impulse

Lwr impulse to weight ratio total impulse

total weight of propulsion system

Kfe fixed equipment weight coef'icient

Sing weight coefficient

It tail weight coefficient

Ks structural weight coefficient

length inches

L lift powud

is Nach Nmber

mr =we ratio - initial vjiht

final weight

n normal load factor g's

P total wing load pound

i range nautical miles

stress lb/in2

tr wing root thickess inches

I
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Sist, of _%MrnLs -. Cont 'd)

I thrust pound

'Vmt volume of propulsion system inch3

V elocity fps

Iv volime inch3

u s weight of structural material lb/in 3

initial or gross weight pound

I Ww wing weight po;ed

Wfe fixed equipment weight pound

Ii w warhead weight pound

If fuel weight pound

Wp1 payload weight pound

Wt tail weight pound

We  engine weight pound

I s  body structure weight pound

Wg guidance weight pound

c( total weitht coefficient booster - ssair weight

I structural parameter 
sustainer weight

I c7 pressure ratio chamber DresSure

ambient pre*ure

1"' propellant fraction Dro0e lWt )eiht

gross weight

L wing parameter
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A preliminarr studj of ballistic and cruise missiles has been made for a
strike submarine weapon system. IT provides general missile characteristics
idich car be used in arriving at the overall system requirement° Parametric
variations of weight, volume and dimansional data are presented for single .

stage liquid and solid-fueled rockets, single-stage with separating nose
cone liquid rockets, tWO-tage rockets and liquid rocket-boosted ramjetso The
,.'estigation covers ranges to 1500 nautical miles, warhead weights to 5000

An appendix is presented which outlines the method by which the important
i results of this study may be used for cost analysi1:3 and missile loading studies°

I

I
I

I
I
I
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I c.' ptlpse cf the atuly is to parametrically determine the effectz of range
tar!c .,2*he~a ,oh on missile eiz.-, weight and con:,igurationo Ballietic and
c,-aiee Missiles are oansidered, thus requiring ana2Vis of rockets,, air-

breathers and cow-binations of propulsionc The scope of the investigation
covers ranges to 1500 nautical miles, warhead weights to 5000 pounds. The
time period under investigation is from 1960 to 1970 Present-day structural
materials are used for the early part of the time period an-1 1958-'960 struc-Itural rterialp are used for the latter part of the time period.

I] DESIGN ONSIDERATIONS

It. is conveniant to separate parametric performance discussions into two
U general classes, rocket missiles and airbreathing issiles, which are character-

ized by ballistic and crise trajectories respectively.

A. Ballistic Missiles

1. Traeectories

Ballistic trajectories are characterized by zero lift and for all
but extremely short ranges require propulsion a stems that can
operate in the absence of airo The ballistic trajectory may be
divided into three portionl power-on, mid-course, and re-entry.
During the power-on phase the missile accelerates to the correct
velocity victor. Previous work, References 1 and 2, indicates thatI the take-off thrust-to-weight ratio should be about 1.5 and this

Ivalue was used throughtt the study. "his is a compWrise between
structural considerations for which TAW x 1 gives least stress because
of least acceleration forces, and between trajectory considerations
for which TA a 3 gives optimum range. TA! - 3 is based upon the
optimum division of drag and gravity forces, These statements ure
true only for ranges in excess of perhaps 100 miles; at extremely
short ranges, structural considerations are minor and the optimumI1 TA! is 3. During the mid-course phase the missile is coasting
with small or negligible drag forces. The re-entry phase is char-

acterlsed Oy a combination of high missile velocities and dnse air
I causi'rg severe mrodynamic beating problem.

Range of a ballistic rocket is a function of propellant fraztion, 2].',
spec iitc impulso of the propellant I viad other parameters3 such as
drag coefficient, area-to-weigbt ratC and thrust-to-eight ratio, Vnich
can be hed constant without serioalv affecting the results. Ref-
erence 3 reported results of range versus2) for lap a 235,area./weight " Ox)5o

I Using these data as a base curve, ranges for other values of propellant
performance were calculated and are shown in Figures 1 and la. Area/
weight L .0008 was used for tmo stages of propulsion since this is believed1 to be closer to the optimum value for a two-.ctagse ehicle0  (Se Figure 2)
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1 2. ?MEipUlsion, ad Luek
For the liquid rocket power plants Coridered, the basic configur-
at ion consists of a regeneratir4y-,cooled rocket motor, turbopump
feed system, gas generator for turbine drive, valves, plumbing,
controls and gimbal system. Ginbelling is provided for pitch end
yw cotntrol during powered flight and tangential turbine exhausts
psovide roll control. Pover plant weight as a function of thrust
is pzesented in Figure 3. The weights are based an existing engine
desigs, adjusted for the time period under consideration, Refer-
ences 4 and 5.

Solid rocket engines %are considered prirwily for the shorter
range applications. Here, jet vanes are used to control the missile
during the power-on phase. Optimsm clamber pressures are found to be
on the order of 1000 psi for all engines, while motor weights areSprimarIly a function of the type of propellant imed, (references 6,7, & 8).

There are ma popellant oombinations available for both li Uid
and solid rockst engimn. The selection of a particular combina-
tion will depend %Vn performence, cost, handlin abaracteritics,
availability, and mny other sim'ljr factorso Performance calcula-
tiens were carried out for sevral liquid and solid propellants.
The various propellants were chosen so as to eover the anticipated
ringe of performance, cost and handling charateristics in the
1%O-1970 period. Table I presents smmary information for the
prellants considered.

For convenience of amulation and camparison of propulsion sstem
an 1upause-toe4might ratio ws assigned each engine, depending
upon the propellant system employed& If the weight of the propul-
si system, including mtors, t~ia, fuel and aceessories is
lumped together, and aml non-proplsiv elments of the missile such
as structure, guidance and arbead ar de pqloed, the following
relationships m be derived for singe-stage rodbts and plotted
sraphioeaT as a function of range.

I
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I
Payload Weight, 1 - -,

Gross Weight Iwr/Isp

gP'oad We-1t Figure?7
Motor Weight (loaded)

S Payload Weight
Motor Weight (empty) 2/'(Isp/Lir F1)8an

Payload We ight Fiue 10 ai-d 11
Empty Weight o sile

Empt Wei ht 1Figure 12I Total We ight

I Motor Weight Fi - gures3 and 34

Gross Weight Iw./Isp

Loaded Motor Weight _ 15

I Gross Weight ,r/

Pai2.oad Wist I, 7/s 1Figure 1.6
III v I Il ii thpoelga ak

I This uptbod of ompaz'ison i quite. v ith r n tanks
am onsidered to be an integral part of the StructwO (monocque

rockets is somvMit msual inthat tanks are omsiered aput o

the otors, it is later shown that the uutbod is v" ovr the
ranges tof interest.
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I3.~ As__Xam
A thorough Investigation of the effects of nose cone configuration
was not possible at this time because of the magnitude of the problem.
The missile shape which houses the payload should minimize the effects
of drag, aerodynamic heating and structural weight and yet provide
maximn accuracy and low vulnerability. A sharp nose cone is desirable
in that it tends to minimize aerodynamic drag, but it increases struc-
tural weight. Inpact Mach number is high and dispersion due to wind
drift is low, therefore being more accurate and less vulnerable to

* countermeasures. A blunt nose cone is good from the structural and
* packaging standpoint but may have a very low impact Mach number. The

aerodynamic heating considerations are somewhat more involved. This
I is discussed in more detail in the next section.

For purposes of performance comparison, a 190 half-angle cone was
chosen. Impact Mach Noe. are fairl- high and structural considera-
tions appear reasonable. An area-to-weight ratio of .0005 was chosen
for single-stage rockets and a ratio of .0008 was chosen for 2-stage
rockets,.

I An attitude control system is provided to insure a small angle of attack
upon re-entry to inimize normal loads. Stability is achieved by
having firs at the aft end of the missile. For the single-stage rocket
with separating nose cone, stability Is achieved again with an aft
structure consisting of fins or a drag skirt. Bllasting the nose may
also be used to achieve stability.

.Aesrodnaig fH t

Previous studies performed for long-range ballistic missiles have shown
that extrm temperatures may be expected during the re-entry portion of
the trajectory. The magnitude of the pzblem of maintaining structural
integrity umtil impact increases with increasing rang. since the re-
entry Mach No. also increases, as shown n Figure 17. Fortunately, the
vehicle is subjected to these very high rates of heat transfer for only
the short period of time when it is in the relatively high-density air*.
The solution to this problem in of importance from a missile performance
standpoint. For exmple, at 1500 nautical miles range every pound of
nan.-propu 1sie payload requires as much as 20 pounds increase in grossI weight.

There are two basic approaches to a solution of the re-entry heating
problem. One method is to design the missile with a high enough dreg-to-
weight ratio to decelerate it at high altitudes and lower the velocity
through the denser portions of the atmosphere thus reducing the amimt
of heat transfer. The second approach is to design for a low-drag shape,
thus increasing the impact Mach No., and to employ a more advanced type
of cooling systemo
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The first method ut!lines what :1'. l"novn as a minimum heating traac
tory. To do this the nose cone is made quite blunt or a drag kirt
may be inclutted. Use of this technique results In very lo, impact
velocities which In turn make the missile more vulnerable and increases
the CEP due to such factors as wind drift. Inefficient but reliable
methods of nose cone protection may be enployed, such as heavy ceramic
coatings and heat oinks. Figure 18 gives impact Mach No. as a function
of range and nose cone angle.

The second method is characterized by low-drag shapes and cooling
methods such as seat or porous cooling. The major advantage in de]signing for the high heat transfer rates involved is decreased
vulnerability due to the higher impact Mach No. Although nuch analyical
work has been donu on these more advanced cooling mothodsp few
experimental data are available. The techniques will require extensive
development work to demonstrate feasibility°

I 5. ZlmMnt

Warhead and fuse weights of 600 pounds, 1500 pounds, 3000 pounds and
5000 pounds were considered as rsrantrs. Dimrnslmal information
was not available, but it was aumed that no restrictien wre placed
upon the missile sisa by the trarhed diameter. This is the case for
nuclear warheads of the size owidered for this study*

I Oidance weight aloiwano% as sbown in Figure 19, are based largely
upon existing and developmental designs.

An environmwal control system is provided to oeedition the temperature
of the payload cepartunt of the vehicle. The weights assumed in
Figure 20 are preliminary estimates onlyo

IAn attitude control system is provided during the flight time between
power-off and re-entry to insure a small angle of attack upon re-entryo
A weight estimtion,, Reference 3, rasm satfofa Ilay jets*

An auxiliary power supply is provided to supply purer to the guidance
and other control equipment, Propulsion auxiliar, power is treated asI part of the propulsion system. A nonopropellant-fueled turbine-driven
purer package is considered. Estimted weights based upon existing
auxiliary pinr units, are presented in Figure 22. Power requiremenat
during the purer-on phase are assvmed to be double those required for
the remainder of the flight.

Estimated control system weights, consistLng of electrical sytem and
hydraulic sstem, are presented in Figure 23 as a function of gross
vehicle weihto The data are based upon information from Reference 3,
but are adjusted for the 1960-1970 time periodo
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I 6, Stritures

The configuration of the single tage rocket consists of & cone-
cylinder combination with fied fins at the aft end. iscrie volumes
for ai 300 cone-cylinder body are presontcd in Figure 24 as a function
of dtameter. Warhead and fixed equipment occupy the nose cone and tbeIforward portion of the cylindrical section. Monocoque-design pro-
pellant tanks occupy the midsectior, of the missile, and the propulsion
motor and its accessories are located at the aft end of the body. The
sepseating nose cone configuration oontains warhead plus fimd equipmt
as before plua an additional aft structw.e (fins or skirt) to achieve
stability. The two-stags wissiE.e is jenerally simila to the single-

*istap configuration.

During the power-on phase a 2g normal load factor may be ived !or
design puepoese. Skin temperatures encountered during this phase are
relativel low, 300 to 407, thus giving no special Problems. The
mdd-course phase Is characterized by low body loadings and skin temperature
no higber than those obtained during pemr-on. ae-entry presents severe
deceleration loadings and extreme temperatres. It is for these reasonsthat it is profitable to separate the nose coe of a single-stage missile
at am intermediate rangi and thereby eliminate the necessity for de-

Ssigning the entire missile to withstand the re-entry conditins.

The equivalent nese coe weight per unit surface area used in performance
calculatlon is shon In Figure 25. The wits are based upon pro-I1 r calc aond spot checks of the aerodynmic eating problem.

w aft structure hts, including fins, are presented In Figure 26.
Data are based largely upon existing b&Mlistic vehicle desigas such as
Redstone and Rerins.

CuI se paths, In the earths atxaphere, require airbreathing engines
suoh as ruajets. A good approximation of the optimauSA3-oourue flight
path fbr a ramjet is a Breguet-type trajectory for *uieh the missile
lift-t-drft ratio can be considered constant, md for vhich the ramjet
miesile velocity and powerplant operating oharaterietics ar held oau-
stant throughout the flight. Actually there In a slight variation In 4e
L/D during flight since flight altitude is incrowing, but an average value
can be chosen. The ascent and descent phases of the trajectory are similar
to those for the ballistic rocket misailes.
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This relationshi . applies during cruise only Maximim rane is
Lhufs obtained wk ,an t1 quantity (V 19 .i'D i3 maximiied for a
particular missil c.ith a certain Mao ri tioo For a given design
velocity and design ',hrust coefficient, the imptulse is maxmised
The Breguet rango or.ation in plotted in convenient graphical forn
in Figure 27,

1 A ramjet must be tv ;ted to superoric e9eed, beforn the ranjet engine
becomes effecti.,, This ascent corists of a gravity,-turn rocket boost,,
similar to the a t; e stage rocket dse.wnt, followed by a bxllist iz

I coast to cruise altitude and design ar',u' velocity. This would be
the optimum ascent trajectory for a long-rnge ramjet missUIk For
ranges under a fre hundred miles it Is desirable to comprwie cruise
performance smewhat and incorporate some self-aceelerating #r self-
cl~mbing features into the ramjet engine, thus reducing tht.
booster weight,. )ajor emphasis has been placed upon optim-m cruise
vehicles for parametric representation, although some work was per--

I formed on self-accelerating engin se.

i The turbojet powerplant is suitable for operation at supereonic flight
speed, but ramjet performance is superior at Mach Nose. i eL.ese of
approximately 3. Even below this Mao No., the ramjet engine ib lower
in weight and smaller in frontal area for the sawe thrust. Anticipating
am' And vulnerability considerations, flight speeds in exress of those
reawable for turbojets will be required.

IPract.'ica ramjet fuels fall into two c.asses: the hydrocarbons and
r,1 w ztal hydrides, Hydrocarbons such as kerosene and gasoline ae
presently in use but it in widely known that vatal hydridew such as
pantaborane and diborane are being developed for use in ramjets.
Theoretical considerations indicate that missile performance may be in
creased as ruch as 40% with high energ fuels. Indications are that.
improved cmbustion kinetics allow conriderable decreases in mirg
length and thereby decrease engine ength and mi1te The higer
energy fuels also allow a aonviderable decrease in the weight of fuel
carried, Kerosene was used in all ramjet performance Wa.culatione, and
performnce growth with time was based upon the use of better structural
materials and techniques in ramjet engine design.

i Superr.onic diffuser pressure recoveries for multiple-spike diffusers
were used in accor4ance writh Figure 28. Pressure reoover5es of 95%
were used for the aubsoni portion of the diffuser. Valt v between
those for 3 and 4 shock diffsers were used. Canbustion efficiencies
of 50% were aseumed.
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1'iguiro 29, presents graphicall1y, three, iJrio,.-tant characteristics of
ramjr-t engines:

U ~) Peak ;3pecific itapulse occurs at fue1=,afr mixtures
different than stoichiometric,

I 2) The performasnce of any fuel (iLe. specific impulse)
declines with increasing speed for the speed ra~nge

investigated.
3)The optimum temperature ratio is relatively independent

of spaed,,

I The firstof these stateme~nts merely indicate: that,, for current designs

fuel lean mixture. This is explained on the basis of the msss -velocity
expressions for momentum and kinetic oergy. It is always advantageous
to move a large mass at 1ow velocity in a momntu device such as a
ramnjet. However, an the 4uantity of air flow increase., the pressureII losses rapidly increase. The result Is the optimm performance at a
given temperature ratio with deterioration on either aide of this ratio.,

a flight speeds increase, it becms moxe difficult to maintain a
desired temerature ratio since the incomuing stagnation temperature
is already high. For increasing Mlach No, vi constant temperature
ratio, the increased pressure losses and inlet air momntum charge-I able to the engine combine to reduce the net momnttau change. The
peak performance of the engine at various Mach Nos, occurs at about
the sam valu, of temperature ratio becaxse of two compeinsating effects,I Increasing pressure losses in the engine, which occur at hMg Mach 11o9.
tend to shift the peak Is to a higher temperature ratio, while the
higher overall cycle preshire ratio with increasing Mach MN. tends to
shift the peak to lover' vaues of tompsrature ratio,, where a more

favorable energ-wmntum conversion o--curs.
For ramjet engines, thrust coefficient considerations determine theI operating teperature ratio0  For externel razjets, thrust coefficients
are higher than for dueted bodies. This isa so because a low drag in
desirable for external engine mounting ani the optimum ramjet-missile
combination results in a higher thrust per unit area, than for duoted
bodies* In the ducted body design the missile diameter is larger than
for the other case and the engine thruat coefficient requirements ae
lower, This determines en'gine operatJng regimsu as shown in Figure 29.1 For pwposes of performance comparison, only exteyally-motmted rajet
anginms ar'e coidered since a peaauwric analysis of ducted-body ramjeta
appea* to be too tzm-oonsuning a pro ject.I Two typical performance envelope curvvm fcor ramjets are presented in
Figures 30 and 31. F-Igure 32,, a plot 3i vngine weights as a function uf
dAiams'Ar and 1Ilight symeed,, Is based ).trgsJy ,rxon e.ilting engine data, and
estimitesn of future improvement, Refernrncae t, 9I and 10.
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I ' .trit' r.rt++br,! hich deserib, tne ramjet ronfigaration ixe
s.ri in l'ivurs 3. 3s funct:ons of flight speed, Const -, 11 g Io (
i-',Y+s of 400 puf ,rer:., assmaed ard -ing ioais were based uptLi t, desigoi
.- factor of 2 0 -A tie start of cruise,, The wing itseit' .t a %

th. ,tknesre f'- n blc.nm-x section of' tarerd planform with a rtked t. .

-ri.lLr t.o that, useA -in Triton design stulies,, For engine. comiparlasni
&t the varicue. ,'llgtit secede, a lift.-lc rag ratio, LiD, of the nlisSLP-
'ie Fisstmic cona.ant at a value a' 4 ,O o LID o4 0 is based or des~ig-

si. v'les for Triton, Pezerences 1J., 12, .-3, and 14 and Navaho,, Refere:.c

I T-i. perfoimanc;e parwiAster (V 1e, LiD) is now defined an a function o:
f I .bt i *;.eein the isothermal aYer of the atmosphere, Figure 34,
fI+at, from the Bregvet equaticn, may now be obtained by deteaminat'.an
c , s ti ructu:l waights,

.,Aero~nagi Heat Ing

Okir temeraturs are perhaps the major controlling factor in ramjet
minvle design since they determne the choice of materials teed and
tho working stresses, both of wiich directly affect coat and veight.

Ba-ni.ary laer temperatures of 4000F, 60CPF, 800 and ].')F are
encountered at flighat speeds of Mach To. 2.5, 300, 3.5 and 4,0
resp3eCtivly, at cruaise altitude. It was assumed that about 50% of
-hi vehicle structure would be affect-d bry this temperature wbich
reouLted in design strngth-to-wight ratios of 380,000, 30oCO0,
250,:)00 and 150,000 inches at Much 2.5, 3,0, 3M5 and 4.O CorsiderE,
tion was given to fuel tank insulation and coponent conditioring

1 5, 3t. Ldturen and :.gui nt

An .e&laa1.cal approach to the determiiation of ramjet miasil, weigai
br,;acdo ns was uaed. The major mse c~mponents consicered were
engins weight,, fuel vaifht, warhea.d weight,, guidance weight, fixed.
eqjuirnent "eight, 3.ructural eilght, wing vweigt and tail weight, Tf
gro3s.' weigtbt and warhead weight are a*sumnid, the iuel wei~ght can be
defarmined if al tho other weights are ki twn as a function of the
gro. waight ExtsdAng designs &uch s Triton, Bomarc and Ne> aho wt,-a
use.i to ceterr-Ine elpirical coeff'cients ,

I Engiae veight miT be determined from data previously presented under

thu propulsion mid Mala section
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GuIdMnce waijhts are assumed to be 400 pounds, Independent of range
Sne. Iross v5I:t of the missile,

Fin,.1 equipoint weight (exclusie of guidance) is assumed to b3 a
f i), prSe en2ge of missile empty weight, (gross weight less f el

Ind -n rhead) since it is unlikely to be a function of payload cr
rarg, The torm of the equation is shmon below for the fixed equip
mert wight,,1

Wn :z Kf, (W - Ww4 - Wf) where Kfa =O.15

i based upon existing missile designs.

I Wing weights are found to be a function of wing load, span, thickness
ratio and strength-to-weight ratio of the structural material. Wing
carry-thrct structure is Included In wing viight as a constant
percentag for convenience of omputation. Althoq& this is not

Istrictly trum, the error incurred is of minor oonseq e.

Str (3/w)

For a wins lmading of 400 lbe/ft 2 # a loading factor of 2.0 and a wing
I thickness ratio of 4%0 the above equation reduces to the following:

W a KWCA)Where U/u - __0 ____ 3/2

Iand 1w was deta ntd to be 7.0 from existing desio

TaIL weight :La determined in the sa marmo o Therefore tail weight
I is d-rectly dependent upon wing .teight and can be expressed as a

tereentage of wing weight as shown below

W t W where t was foundto be OoO
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Body structix-al weits can be expreseed as functions of normal
lcat, factor, missile l.egth-to-diameter ratio, missile gross
~'em1zt, mits5:CLe diaruter and strength-to-veight ratio of the

3 structural mteria 0  The basic relationship follows for body
structure weight, W. ,5

I w K ' ,. n(ld)2 d

n (s/)

Kwis found to be equal to 2.0 based an existing designs. For
cruise missiles the noruml load factor is 2.0 since there are few
immrneier qirslt*

Using the gemetric factors previosly presented, a sainiy of
coefficients and pertinent psrumters an be tabulated as in
Table I for use in paratric performance studies.

Warhead weights of 600, 1000, 1500, 3000, and 5000 pounds have
been considered. It has been asgsud, as for the ballistic
vehicims, that the warhead diensions do not in general. determine
zies ± diamter.

The omster caloulatiams are based ,pon a liquid propellsat rocket
booster with an initial T/V equal to 1.5. The rsaet Vehicle must
be overboosted sawWat since craise altitude is not read"ed at
booster burnout in most case. No paratric variatin of boosters
was uttempted. A slnle booster type was onsidered fer all the

Variou runet vehicles. Relative ret vehiele perfamenoe an
thus be obtained and later adjuted for different perIrne
boosters, The booster %p considered me 230 soeonds and the I
I= 0.75. Booster fins and controls wer charged to the pr o ,i
system weights. The total weight coefficient is listed in Table n
an resented 4p a In Figure 35.

E
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II The fo:-x of prsertati-i for baiiistii mis.le perfox-ance Information

that vis felt to be most useaft is shown in Vie sloetch belwivI
I2- St-ge sa

II

Range - M \. 750
This is a plot of gross missile Vt as a fwtien of rangx. a
v hwad we t carried. Singls-*tag, single-step with separating nose
one and tw-stap missiles are a . After a certain rang, the weight
of snglestae 21ssiles rises shsarp4 and it becms pvefitbal to
separate the nose ee fru the prieplsive portion of the missile. This
occu8 mainly became of the re-entry heating Problem. As re-entr7 boatingbeoemes ?t severe the upty midsstile wigt increases rspidly if the
entire vehicle is eigaed for the evere re-entry beating and stresses
due to deceleratioe M single-stae missile with separating nose eem
alawthe propulsive partion of the missile to be designed for the lesssevere loads a temperstws e nootered during asoent. Qay the noe
cone, ich houses %M Warked and the g idane equipsent is streeed for
in-entry. As the wbtesi eLs inereasse the cross-over rapg frm I-stop
to 1-stae with neparatin noee cm decreases. This Is iminl due to the
fact that inimmt metal Saes ar* enuntered in the tan section of the
separatirg nose eons design for all diameters of interest. This allw
a greater peromtag of tank weight to be eliminated from larger missilesthan suarLer missiles Vhn the design changes from single-ste to single-stage
separti nos e acm .The 2-stage design is note efficient, as range increases,
because the propulsion statem beeamns such a large portio of th total weight
and, ith 2-staps of pr*opusion, a certain amount of fied weight is
Jettisoned after first stog burnout, In this wamy the average propulsion

Ssystem metal ports veih- , carried dring pmr-on in lover A separating nose
l cone is used for tW-stac. design because of the severe re-entry heating

problE
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Perft'rnmce valuns wc conputed IT ase w a ng g, a1i1E4e grcmst
wir xv anl p roulslor. systemn, Payloai is then determined form the
data prewned in Lad fuels &rA prepultilon aeiono Paylosd it
thon brlw da into the indiv fdval cqponants such as striu-ture

and fix The remainder of the paylod is then aonelderwl
to be warhead,

SFigares 36, 37, end 38 present gross w ht as a
ftiotion of range and warhead wight for three differ-
et performanee slid propelant rockat missiles.
Figres 39, 4O and 41 present missile grss volmu as
a famtion of rane and vahead wiht. We separating
Missmeoem data wre calculated since liqjid propelants
wIe uwh more efficient at ranges thre this might beM rn a derad.

11bo L1 Prouielent

Figames 142, 439 44 and 45 present missile gross weights.
so Figures 46, 479 48 and 49 present vo lms ma
functions of rnwp and warhead w iht Both single-~
ad s n -stp with s ating me cr data are
p~oented. The loeom of crm e 1point frou am-
separating to separting no@e ocne Is d=u n for eah
fiure. An Intrestingeeckpint, the Redstone u
ts presented in Figure 4.2 These data give a clearer
fi- I of AW a 150 mile range miOl may be moo

I effiient with a separating neose ere.

2. M%

Figure 50 presents 2-stap gross w ht as a function of ran.
and vasboad wlght. The data are baed um Inforaatiu from
Reference 2 and should be reprded as being valid for omparison
within itself only, It is net beli*ve that the data are valid
fbr comparism with the single-stage data became different
baic asewption wre used in the anasis.
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It iro desired to prisent parametric performance I.nformation i"
crttifs missiles in graphical form aimilar to that of the ballistic
missiles. This has been, done~ on a gress ws-ight basis but is im--
pract~ical on a gross iYclume because of ranijet-booter geomstrys
Although volume information is not in graphical form, a simple
mthod of computing length, diazauter and wingspan is presentedo

~1I The form of the ramJet missile weight equation an d~zoussed in
the design consideration section is:

JCaW W idtWs Wf fWji+ Wfe i-Wg

Saetitution of the derived relatimnships and empirically determined
coefficients resultis in a relationship for fuel plus warhead weight
in term of missile gross weight, For a particular Yach No*#

Byasmnga1jt isl gross weight and warhead weight,, the

rapg -d warbead weigh flor rocket-boostied ramjet alssiles; at
vwious MAaw ibers in the gaily part of the 1960-1970 period.II The hbloe speeds are %xvsirab2.e due to aerodynamic beating and,
structural linitations of present-day materials. The effect of
iuprveL- in ramjet engine structural materials and technique

N has beenacoouted for In Figures 55 and 56 a~t the highr Yhcb No.I I Lacok of hig-onry fuel data precluded a growth investigation from
that standpoint, but indicationsi ane that up to 540% range increasesl
are possible for the son grose weight. This performance Increase
is due to lower fuel. requirements,, lower engine weight* and
probably saller engine volume.
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Takeoff weigkit data ame bsed on a medium-~performance liquidIm propellant bcster. If a solid propillant booster is employed the
tak3off weights will rise considera 1y, not only because of higher
boo3ter weights but because of probable changes In rvinjet missile
design points and design factors.

To obtain dimensional information for a ramjet missile of a certain
grors takeoff weight, first determine the breazdoun between the
booster and the miesile. The missile weight is equal to takeoff
weight divided by the total weight coefficient, K, from Table II.
Missile overall density can be approximated as 0422 lbs/io, so
a gross volume is known. Using the appwpriate 1/d shon in
Table 1, and Figure 24, the diameter may be determined by
dividing the booster weight by an average density of 0.040 lbs/i.
Figure 24 will then define diameter for any particular 1/d. Wing-
span in feet may be obtained by the following equation,

b R ir A it. defined In Table II and W

20. missile weight (less booster)

A typical configuration is whom below,

'
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I

Folo shc rt .n-ler alx'h 200 nautical. miles) the &rou, 'e-e '
n ;ht of tia crl se ifaesJ.(. may Lz .r:educed by inco:'porat, Irg some
,OJ..-,o., ._t ,. :etarea in tie crudis TCropulaion 5s~tem, .Uthou,h
the cr.se eingine :& not be operating at maxmmu :f eficiency dur:ing
cIx-:iso, the cot r eigt. --oqtIrent3 my b3 dastically reduced
in mac-Lis mnuer,, IFor short mes tho !amTngs in booster weight

,mo thsn o:?fsi.,s tha weight Iicrease due to non-optium cruise

The preceding r=mJet Information %a based upon boost to design
speed and aLtitideo Other methods of boost may include boost to
design sp3ed .mvd climb to alti'tude, or boost, to critical speed of
cruise engine operation and then self-Acceleration.

Air turborecket.s and ducted rockets were briefly investigated,
Although the titate of the art of these engines is not as developed
as that for ramJet3, free flight testing is underway and it in
believed that these engines m&r becomz available in the late 196-1 ?0
period.

The air turbt*ocket is a combiatlon turbojet and rocketo It
consists of an inlot diffuser, an air :omp-essor, a as generator
arvi turbine, a fue. air combustion chaTmiber and an exit nozzlev
References 18 9 19. 20, and 21., The primary energy source for the
engine is the gas -nerator, in uftich Wuelts e used whose products
of decmcposit.on ari capable of burning: fu-ther when mined vith air,
The ehef merits o. the engine are that it combines the advantageo-,s
fuel-onaumption characteristicm of air breathing engine. with the
high thrust and self acceleration chara.cteriatics of a rocket.
Although the turbojt is also capable ef self-acceleration from zero
velocity the turbo:rcket is lower in Weight and smaller in cross-I sectional treE. for the same thiust, even when the turbojet poysesses
an afterburner.

A ram rocket is a i- njet engine with one or more monopiopeflant
rockets located at the exit of the engine diffuser which exhaust
rocket fuel decomvsition prod.cts which are capable of further

I burning, Referencen 16 ad 17.

SI [1 Q. F
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I, : .as eas,,abL.hed U.at neither of thebe engines performs as well
as the ramjet when (kcilped for cruine conditiont, thus eliminating
then. for use irith th long-range mssiles. Major emphasis was placed
on the deterLination of the efficiency of the various methods of
accelerating the missile to design speed at cruise altitude, but no
quartitative data were obtained because of the complexity of the
trial-and-.vrror trajectory e omputations. It was determined that
boost to speed and then seif-c..imb to altitude offered no particuL '
advantages. Also the optimum self-acceleration path for these
engines was found to be as follows rocket boost to about Mach 16,
climb at constant speed to about 30,000 feet, accelerate horizon-
tall2y at 30,000 feet, and then climb at constant speed to cruise
altitude. Further acceleration at cruise altitude may or my not
be required depending upon design speed. The optimum cruise
altitude was also found to be a functimo of range. For a range of
a few hwred miles, cruise altitudes under 60,000 feet appeared
to be better from a gross weight standpoint. No further investi-
ations, were done since it was felt that this would be too much

detail at this time.

DZSC W§ION
Comparisons of different rocket propulsion sytems are epcted to

be quite valid except for 2-stage rockets. However, comparisons
betweem ballistic and cruise vehicles are ame difficult to Juatify
because of the difficulties in formulating the basi performanceparamterso

A performance comparison of single-stage rockets and single-stage
rockets with separating nose cones indicates that for a 600 pound
virhead the crossover point from single-stagse to nose cowe seraration
i, about 500 nautical miles. For a 1500 pound warhead, the crossover
point is about 425 nautical miles, and for a 3000 pound warhead tne
crossover point is about 350 nautical miles. These crossover ranges
ar relatively independent of minor variations in propellant per-
fo.mance, which seems reasonable since crossver ranges are dictated
by vehicle size as determined by warhead weight and magnitude of
the rer-et7 problem.

The crossover point from one to two stages of propulsion ocsrs between
700 and 1000 nautical miles, but these points are not too clearly
defined. In any evrent, out to ranges of perhaps 1000 nautical miles,
the gross weight of the single-stage with separating nose cone is

i not a great deal more than the weight of tho two-stage missile with
the same warhead and ranges From a :-acticul point of view, two-
stage oporation hat not yet boe satinfactorily developed and may
present an xtrezae3y difficult developMent probkc as far as starting
of the second engine at altitude is cecerned. It is therefore
suggested that singie ..stage rockets w:1ttU separating nose cones be
considered to range, of 1000 naatical miles.

-E EFCIRET



B.. Cruis

Cruim e information is not as thorough as that for the ballistic
missile tjx is not sulatantiated by ary prelimnUiary design of missiles
except for TrIton and Navaho, the longer-range large-,warhead misrdles6
For thIs reason it is not valid to compare specific ramjet missileI weights with rocket msaile weightso It is valid,, however, to establish
trends, eg. gross weights of long-range ruijets carrying small warheads
are less than these of comparable ballistic missileso

I ~only externy mounted ramjeta were considered rather thart includilng
ducted bodies in the missile configurations studied. .wver, the

ducted body, espaci&-I.y the wirgless verlion, is ver7 desirable uhw.
ctonsideratin ii given ) the dAsil carrier And launcher, a submarinwo
For a f irst approx-imatiao, the takeoff weight of th9 du, ed body with
wings can be considered the sawe as for the external ramJeto

For rares under a coupla of hundred miles, ramjet vehicle perfornaree
can be reproved by incorporation of self-aceleration leading to reduced
booster -e-q a. Ofther engines such as the air turtorooket and
ducted rooket =q also be consideredg but only for the sbort rwso
The shopt-rane cruise ivMioles unt be studied in mor detail for

Scomplete performance informstion0

Complete performance growth Inforwation is not presented because of
the lack of special fuels itormtion but range increase of poeSiblY1 40% are not uneasonable with the sam gross weight aile.

The cruiie missile is a two-,etage vehicle, a separate rocket booster stage

being comsidered in thJA studyo The probleM of ee=try a0d anrsGumw
of the booerer and misvile are not simple since the booster is about the

arn siso as the missile0 To keep the l/d to r9asonable values a Parallel
Irrangnint of ws sort is indicated.

Groses wehts of cruiee vehicles with the vwry small varheads change
very little for rarges to about 1000 nautical Mlaes. The use of small-

dia ter hi-yield nuclear warheads makes this possibl e-

IP
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The re-entrr phase p1svaneA the mos difficult structural design problem-
Additj.oru investigation is requir for the nose cons to insure strue-
tural integrity and keep internal components below their critical tam-
erature a

One stago of propxlsion is better than two stoges of propulsion for
ranges to 6W nautical miles at bwt and probably to 1000 nautical

j miles,

IIl radet-pawred cruise ehiclse, carrying small-dimmtor, low-weight

and high-yield nuclear wvvheads appear to be very effectiw to rargss of
1imad pnasible by two dvanices in the state
of the art. The first reaere to the newer nulear wrhsaa and the secondrefers to advances in ranjet propulsion tenolwhl to the point where
high perfoxrune may be vaulsed. his, coupled with mal missIlee,
allows cmiderra~s range increases for relativel mLU Increases in
total wight of fuel carried.

E
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I
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i APPMUM

This appendb.: its interded to be a convenient suimary of pertinent
lnormaLir.n for use in cs!ting and m .ssile loading tudies. The choiceof prope]Jant combiimtions is based upon perfoiuanca onlyo No considera-
tion has teen given to hadlng, :ostf, avail,.bility, etc.

. SAge i nt &lltstic Missiles (Single-Stage and Singl-
Stage with Separatia, Hose Gone)

For any particular 9ombination of range and warhead weightcarried, the significan l..quid propellant ballistic missile
charaterlsties my be determined as follows:

I For the middle of the 1960-1970 period use Figures 45 and .9
to determine gross weigit nd volume. Assume an 1/d iL the 10
to 16 range, and missile .erngth and diameter are determined from
Fivr 24 Propellant weight may be determined frau Figure 1,
using I -- 282 for the 1965 time period. Rocket motor weight
ma be trined from Figure 3. considering thrust to be equal
to 1 1/2 time the gross woight. Fixed equipment weight consists
of guidance, enviromsental controls, attitude controls, auxliary
power and control systems, shown in Figures 19, 2D0, 21, 22 and 23.
Structural weight plus tankage is then equal to gross weight less
warhead less fixed equipment lese propellant less rocket engine
weight.

For ranges in m osa of 60 nautical miles, gross wei&ht may
be determizied frem Figuo 5.0 is a first appvzmtieu. Groes
volume may be estimted as gross weight divided by 0-035 lb/in'o
Propellant weight may be determined from Figure Is. and the re.ii minder of the information may be obtained in a manner similar
to that for the ranges under 600 nautical miles.

II ~~~~. Solid ftonge8tas

For any particular ecabination of range and warhead weight
I -arried, the significant solid propellant ballistic missile

.haraterietics may be determined as followes

For the middl, of the 1960-1970 period use Fixures 36 and 39
-to determine gross weight and volume. UsIng an I/d of 12 in
?igure 24 determine missile Im~gh and diameter. Payload.
%onslating of warhead p:ue fixed equipment plus non-prpusive
s1 tructure say now be determined fta Figmc'a 4, using Code 2 for
the 1965 ime period

SECRET
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I 2. Solid Propellant Ballistic Missiles (Sing~le-8i~ag)

Gross weight loe payload weight yields the loaded weight of
the propulsion systano Propellant weight my be determined from
Figure 1, using I = 235 for the 1965 times period. Costing of
solid prpllant 9169 is on on a total impulse basis. TOta
impulse ieqatothe propellant weight times h specific
impuls~o Fixed equipment weight consists of guidance,, environ.-
mental controls attitude controls, auxiliary power mid control

sytm shwni Figures 19, 200 21s 22, aid 23. Structural
wihist e qual to payload loss warhead loes fixed equip-I

For any particular coobination of rang. and warhead weight
carried, the significant cruise missile characteristics may be
determined as follows:

* lIkeof weights my be determined from. azy ame of Figures 51
* through 56s depending upon the desired cruise Ybooh No* and time

periao Imjet missile weight is equal to takeoff veigh divided
by the total weight coefficient from Table Il. Missile weight

5 divided by an average missile density of 0.0 22 lbiWW gives volvmso
Figue 24. can then be used to determine length aid diameter, using
the appropriate fineness ratio tabulated In Table no Booster
voum Is equal to boqster weight (takeoff lIse missile weight)11 divided by 0.0 Olb/in. Figure 24. again defines dimensions for
an l/d.

II Wingspan, b £ Isil neiiat tMW esaet rat)LAf 2r

I Aspect ratio iA tabulated In Table IL. Fuel weight is equal to
initial missile weight loe fi..l missile weight. 7hese weights
are determined from Figure 27, using data from Table nI. GuidanceI weight was assumed to be constant at 400 poudso engine, weights
may be determined from Figure 32 and fixed eqiuinnt weight may
be taken as 15% of missile empty weight (gris weight loe fueIL,
lose warhead). Stvactural. weight is then missile weight les
fuel, lees warhead, )ess giuldane. loons engine, loe fixed equip-
ment. If detailed structural weight breakdowns; such as wing weight,
tail weight, body structural weights etc., are desired, the relation-
ship& developed In the texct my be used.
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S-AMJET PO P "OANCE PARAM T
1fl , -. ? - - iii - II _ i i mlImk

(6 ___....___-_

2.5 11 3o6 4,0 380,00D 5 :1-6 1900 3050 1IM OMW9d 4-85 -&

3,0 12 2.9 4.0 300,000 5.6 x 10 6 1750 3360 2ol O0o8d 56 z 104

3.5 13 2.2 4.0 250,000 5.9 x 10-6 1600 3600 2.42 .Omm05 5. x 104

.,0 14 2.0 4.0 150,000 9 x10-6 1400 3600 2.7 , I .7 x I
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PA~RT C

The O.fice of Naval Intelligence has supplied tarip analysis data for eleven
target classes within the Comanist bloc oount 'lesr o T informuation pro'
v4ded is an estimate of the nvaer of targetsp separately for each target class,
tor the 0-75g 7-200, 200-500 and 500-1000 mile coastal belt depth range. and
for tin US B, Satellites and China. In addition# target vulzerabilitr fnmber
Paupes we srjilied for mine of the tarpts, and target vale for sevn ("value"
In taw of percentage of the total Comunist bloc capacit in that belt range
and Commist area)p Data for an additional target class(cities of population
of 300000 or more) Were obtained frm lectric at and other sources. This
target data# plts procedures at Volume Part D, ver used to supply the
iforwtion for Volume Is Chapter 7,

A. ThiCK? V36=TI0 DLTL

to Distrintion of Comms loc Cpao t

Figure C-1 suar8rise the O..Io Communist bloc cepecity data for seven
of the eleven target classes. In addition, an estimate of land area
distribtin is included for compaison. It my be seen that there are
appaenntl three general tpes of target classes: Those which are con-
centrated mear the coastline# tWo which seew to be distriUmted In mre
or les the earn s umw as land area, end those which are concentrated
in the I perts of the urmsian continen. It mar also be won that
tea OSaW tlitand Ctina, together, surAy an appreclable portion of the
total Commiust b1 oapat, primxiy In the 0 to 500 idle oastal
belt range. There Is littl rn-Rusia Commn!st bloc capocit6V furtbr

iInland than the 500 mile costsl belt Lim.

goDislcibtion of Aw~ers of Ta=@et

The 0.1.1 data did not eahead beyond the I00 mile coastal belt, an
M Wspolation mw re~osaw to extend the Information to complete Como,

mist bloc ovmr . This was dmoe by assuming that the nmber of tars t
In th W00 to 160 mile oastal belt rang (ooisplte coverage) was 7eiter
puWpe oWim to the percent of remaining oapacity for that target class or
for a similwly distributed target class. figure C-2 shows the ummraal
dItsibution of targets vithIn the several belt rawge, bloo areas and

3) OolR. Georet ltr SewrielM2 of 30 Sept 19U

SECRET
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taret classes., Thr, three general target distribution types noted
earlier (outer, midele an(t inner groups of targets) were found in
the numeica3l as well as the capacity data., Because of the nmabers
involved, the middle group of targets (distributed roughly parallel
to aea) was suo-divided by separation of a quantity group of
targets (airfiald,, power production) whose total naber in approxi- 1
matoly the saae as the remainder of targets, Comparison of Figures
C-1 and C-2 shxws that umative mbers and capacities of targs
classes are reasonably parallel. For that zeason, the wre inclusive
numrical data were used for Chapter 7 A graphical sumary of the
mserical dietribution of target classes by coastal belt depth is
Illustrated in Figure C-3a Figure C,-.h presents the distribution by
Co nim st aroa0

3o ?argt Vulmerabilities and Areas

The calculation of weapon yield roqiiremants is in part based upon
target vulnerability and area, Vulrorability data ware splied in
terms of a vlnerability nunber range, rather than Isolating a "ecific
vulwrbilitr number for a given target class. For the purposes of
this analysit-, sample vulnerability numbers were chosen from within
the stated rrnges to provide an estimate of the sa ulnrabiit to
an aIrburst wea&a}, The OoN.I. ranges and chosen mans a listed
in Figure C-.5, with an indication of the reasons for chdo.io

Figure C-5 also lists the target radii used for the veapon yield cal-
oulations. Thes nmb were obtained as rough affoimations frcu
the Sand Corporation and examination of Nkvy Tarpt 8rvsel (with the
w"MpoU of the 3 mile radius for cities, This amber is the radius
of the clrcle whose area In the same as the indian US. city of popula-tion I0M,00 e o - 9D eenew.)

[1 a. VINIBAD 1MbW MIQEMM42

Volum I, Part D, describas the mas f calulation of the arhead yield&
based upm the aunption of ona irbead per target, tgt vulnzaability
mub and radius, and on a desired percentage dastruetion preob Uty fora given CIP of warhead deliveryo Figare C-5 lists the vulaabilitW numbers

_J and target radii used in this alyaiSl and Chapter S, Tolz 1, describes
e total misile system Selivery error. Figure C-6 show the weapon yields

required for a 50% destruction probability of the several tWet classes at
-g CO values of 0, 0,5, 1,0 and, lo miles. It may be sun that the larger

tarts (cit es, ports) reqire megaton class warheads at all CIP values,
while the sme0lsr targeta requirements quickly drop to the kiloton class.

SECI ET
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Thy effects on yield requ.rement of change in the desire d percentage
destruction probability are indicated in Figure C-7, It may be seen
that an 8-fold increase in weapon yield will roughly correepond to an
ncrease from 50% to 90% destruction probabilitq. This relationship
can be used to interpret the effects of use of a weapon yield higher
than that indicated In Figure C-6*

The effects on yield requrement of change in the vulnerability number
are indicated In Figure C,.o If cities, for exaipl a, were represented
bl vulnerability nmber 12 in d of U#w. would multiply the yieldrequ~roonts of Figure bw = lo5.

Cmbination of Figure 0-8 with the proceauree of Part D, volae n, in
presented in Figures C-9a and b. Let us assume an R/EP ratio of 1-4
and a vulnerability nuaber of 15 for a target radius of lo mileso From
Figure C-9a we see that this t/CP ratio fixes the weapon radius at
1.5 wiles. Pros Figme C-9&a we find the intersection of the vulnerability
nmber 15 and weapon radius 1,5 miles lines Is on the one megaton veapm
yield line. This in the required weapon yield for 50% destruction
prbability. Figure C-? say be used to estimate the weapon yielde requiredfor sme other destruction probabllitqo

0. ALlnrSLTK TAROET MOMEL CCUMUEN,

lo launch fbinte Instead of Launch Lims

The target nodal of Figure 7-7 mais that the attacking submarine
parallels the noast mr.til it has suecesdvly ors within range of the
t rear corners of its idealized coastal belt region. At least ith
the longe range missiles, such a procedure is not necessarily realis-
tic. Vor ezamplo, an arc of radius 1000 miles swung from 1algland in-
cludes perhaps 30 to 35% of the total Comindst bloc targets. If tin
launching point were shifted to the SaCUsh Channel, a 000 aile range
would still cover almost the am fraction of the Commuatd targetso
The sam could be said of a lanoshing point in the Tyrrenian Sea sar

Cersica er SardjnlA, From a of these points, or from a large umber
of other points in reasonably favorable locations on the Eurasian eoast.
•U m, submarine considered in this studq could deliver everal times
its fuUL 1000 mle. *sI*_le laad This would mean that the attrition
from eauq action would be lmmr than that calculated on the basis of the
1000 mile rectngular target model, As well, the uamber of trips during
a givn period of tim would be correspondingly reduced by elimination
of the need for coaso o taverso. The launch point concept would be
a lsoical subject for further investigationo This would require knowlee
at target densitiso For adequate treatment of the attrition proble, a
corresponding level e. probable defense effort density knovlmde would
be needed for the optlaam and nmar-ptinum launching regionso

SubSect to the note below igure C-7, I.e. the data of Figure C-7 my be used
for all but the sero CP colum or for the first 3 oiW entries.

SSECPFT /7
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The restrixtion of the analysis to launching nLy one missile per targsi,
imp4la est thingst firstq this procedure implies that there ame mor
targets than there anre mssLes, andi that it JA amr profitable to sU*.
another targt than to slIUM a second or third missile after the first
one. The second bmplcation is that no target ln-li c is assumed
after attack ha. begun.

The first of these Implications usy or =W not be true, It is siuggeted.[ that it Is not true for lm minsile rwngs arid InternedIate-to-high missile
loading. Tbe soom Impliation should not be tine, at least if mar thani
am trip Is to be mado to attack the saw target area ith =3sdmu possible

w onefficiency It iAs ugeaW~ that mvtIpI trip tuWgt InUefIp~o
poesIbMUiis ith~ a eiven target area shmU be Investigted and neft
a part of a more ooqrheneiw target model .cination.

In additions for those arawers Usreters am more targets than. nmise
fbr any particula trip, it boecome poesible to assign priority nuu~ew to
specific targets. Thi owm4 pit use of lanokz positions, furher[ offtoai for a poetlan of the missle delivoedo ith a omu~equent
PAotnil saying In tim and attrItion. Even with the .etnua target

nossit Isolya a exrusMttewp4M osml art
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TAWT MSTUCTION DATA

In order to calculate the weapon yield require(. for destruntion of a given
tArPt, you need to bnow theal-andvulnerabilt.y of tho target0 the accuracy
of weapon delivOry and the amount of destruction that will. be oonidered
Sufficient. For the purposes of this etty, the weapon is asum d to be an
Oirbxvt at the opt~UMU altitude for the type of targt attaed, and it is

Mumed that prIMrY blast dan... is the objective sought.

A- Ta t Ro Io n Daa

It has been assumed that the general target is circular in shape and its
siss is suffiiently described by specification of the target radius. The
target vulnerabilit s nmasured on a blast4smg vulnrability number
seale from 4 to 19,wl, This v lrability number scaling method specifies
the weapon radius for a particular warbead yield° The weapon radiu is
illustrated in Figure D-l, which indicates the distribution of targst
dumpo within an extensive target v.ra of uniform valnerability An much
area escaptes destruction within the circle of radius Wr as is d ,d4,
Outside this circle Figures D-l-A ad -B were dw. using the assmption
tat.- a 0.20 Vr . This is the standard deviatiea of destrwutive priary
blast da=4p for buildings. The destruction probablity distribution of
Figure D-1-B is assud to reain undoged In shape with change In
weapo yield. The rial values of the veapon radii for different
weapon Yields a. assumd to be prportiona to the cube roots of the
weapon yielf, all other factors rem ining constant. The ausaltices of
cube root scali and of a constant standard deviation to wespon rdi=u
ratio Is believed to provide conservative estimates of weepon radii for
largep ons- ,-- (Viointyr of a mosai) adM alighily liberal estimate. for
W AlL weapons (a few kilotams).

As indicated aboveO the weapon radi=u for a given weapon is a function of
tarpt vulnemra ty number. Figure D-2 shows this funtimn for a on-kiloton,
weapo. These data are used for calowlatiz of oo 1;, 1 eapnM radii *
for larger warheads. Figure D-3 tabulates the oaxrespolin weapon redi for
larger yield warbeads,

I Htp, It should be noted that the weapon radii are also a function of blast hbeWt
Figure D4- uses the awdlmu radius.

Tarpet Analysis for Atomic Weapons" PTVM-14, 30 Jam 1954
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4.1&~nDl'rlzn DiM3A

The accaracy of missile dolivery (incltiding errors that are aonequvnt
Zrm unc.rtaiuty of location of the t-g:t) 1z expreaaed by the CEP
(ircular error probable) of the weapon. I- the CEP is large w.th respect
to the raqdits of the target, the required w-apon radius will be of the seww
order of a%3niti .o &. the M". If t. tar~zt radius is the larger, it Will
control tha weapon radius. Figures D4, -.A &,4 -B sho this rela iorhip, aml
as wLLI indiicate the relationship between t': probable pe~oent destructi:n
mid mapon radius requiramtSo It mW, ':- tis - by tho difference'between
lines in Fijure D-4-A that the rat-tots bot-an n woapon radii for d; ' rent
peregrine destruction values ax e renrially imrepndent of tho "/C&w ratio
for ,ICP 7alves of about 2 and !-mr,. !hith the exception of the lov CW's
.or rma techi.quoa, this ir +'/CUP ratio range should includs all
but the very large targets. Figure D. , sa.=s the cost of increasing the
roquired poreentage of prbable taxret dowt;,ccion. This figure also indicates

the :n, :bi term of percntag dtcio.i that would acrif & weapo
of large y-el were to be used cn a target t-at required a smaer yieldn

Figure D4 shows thm increases In veaj.n yietd requlred for a hard mal
target vith incre&Rj Sn M. Figurv a.7 hc-.w the s for a large soft
target, Ti domwd c uiattre of th3 Lb±es in Figui. D-7 is parallel in
Figure L-. but c( face to the left. Figux, D-8 sho the same kIind of
intormatio in another manner. The prsent -v'get davap is shown as a
function of the MP-. and W/Rt ratios.

!
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Force Requirementa Data

Nitermination of the number of suimsrines and the number of missiles

carried b each submarine, in a wea- system possessing the c~pLbiUity
of destroying within a specified time a given nuober of targets in a
target belt can only be accogItshed in a probabilistic sense. Tho
following quantity will be estimated in this sections

i N a initial number of submarines in the weapon system*

The number of trips, t. made by eacL submarine and the number of
missiles, L. carried by each submarine will be treated parsmetrically.
The following quantities cannot be determined precisely since they depend
upon chance events.

Tt cumlative number of targets hit after t trips.

X(t) - wotlative number of 'ssiles expended during t trips.

Mf~red = cumulative number of missiles fired during t trips,

Mlost a missiles lost due to destruction of submarines Auring t trips.

These quantities depend upon chance in view of the unoertainity of a
submarine comleting a trip, the uncertainity of a miasile properly
functioning, etc. Xeasures of these uncertainities are Introduced asfollows s

no probability of submarine attrition during a trip.

- irobability that a submarine will be available for a trip.

nt  probability of successful missile pro-launch test.

probability of successful missile delivery after successful
pre-launch test.

Moreover, the average value or expected value of the random variable
Tt wi be denoted by Et. S iarl the 0e2gt. IvW sof KtM d

andMootswilbe denotedby Mf~t and I lt ),respectively.
It will be assumed that submarine attrition is equally likely for all
points an the .atuch line and that the missiles are fired at a uniform
rate along the laimch line. Under these assumption&, the expected

SECKiET
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number of missiles, firexi by an attr:i ted -ubmarine will be one half
of the expected number of missiles fired by a submarine which success-
fully completes a trip, It will alao be assumed that a successfully
deliveired missile bits the target f';, which it is intended and that
only one missile is launched against each target, Under these
assumptions, a relationship between N, ZTt, and L can be derived as
well as a relationship between E4(t and -Tt.

Consider a submarine which succe" '*il ccupletes ne trip. The
probability that such a submarine wi . successully deliver a missile
is equal to n The expected numbir of successfully delivered
missiles is ilven by the mean of a btnoial distribution and is equal
to L ntj. Moreover, the expected -rvber of missiles successfully
delivered by an attritted submarine is equal to 1.t%12o he numberI of submarines expected to complete the first trip l given by Nq&(-ne).
The nu*ber of submarines expected to attrit is given by Nn, Henci
the expectee -.umber of missiles suc .' ssfuUy delivered on the firstI trip Is given by

2
The expected number of submarines remaining after the first trip is
N-N! ae = N(l- ). Of thesev I(fl-%q,)It(l-%) ar expeted lo co.
pete the second trip and N(l-r1 a a - ted to attrit on the
second trip. Hence, the expected number nf missi!-es successfully
delivered on tLe second trip is

NU 1- q(- ( ja ) (I- Is/)

In general, the expected nuber of missiles sucuessfully delivered by
N submarines an the Jth trip is

* NL(l-al% )J't (J /2)

Hence, the expected number of targets hit in t trips is given by

U~~ ~~ Z~ NL(-. 4r)JI'3 1.u (-n.

I~1 V1IE1\Ei
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Since the series in the last expression is a finite geometric series,

I ~(E-I) Ls?

NL rra 1-4s-,,2)I n.~. m,, (l-'l12) -___ __

which is one of the desired relationships.

le computation of *(f,t can be carried throuW in the sam
maimer, btt one nuede only to note that the tuppression of % in theabove analyis yields

AusuIng that missiles are lost only when the submarine carrying them

is attritted, it can be shown that

I4(it J: 2 L

Norsosr, since E2K(t) 1(f StI / +(i1t4

I q. 2

It follows from equation (9-l) thats

EX(t) z Z=t _ (. 2--

which Is the second desired relationship°
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Consider a rectangular target belt of length 1000 mlles and deptb
R1 miles, and a missile with range %

With the target model choson for this study, it has been assumed
that each submarine launches its missiles while traversing a line
segmnt, called the launch line, which is parallel to the coastline
of the target belt. This is shown in FigA* E-1,, which is similar tO
Figure 9-3, Volum I.

I / i ;/ / 14 I

RI

The enumys defenses, are alsmied to extend to at least RXl-RjZ milesp
_i so that the submarine will always Ika-'i,. to penetrate the defense in order

to launch its kise-Ileso With this estrictiong, the depth of the earn
- defene wil be varied to maximize sutmarine attrition flor a given

.CF k, F T
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missile range. It will be shon tiat the beat eneq defense depthwill always equal either RX-RIs 400 (high level defense only), or
1000 miles 9 the limiting value chosen for this atUdyo

Choice of the optimuci launch line offshore distane, R2. for a
given missile range, RM, is based on a defentse depth of at least
RK-R 1 miles, The actul ciepth of the defense zor.es providing that it
is RM..Rl, will not affect the cho.ce.

Since it is desired to minimize the time spent by the subnarine

in the defes zone, for the low level defensu (for which case the
cubarine aerage speed i constant within the defense one),. this can
be done by minimzsing the distance, Ld, traveled within the defense
zone. This distance equals the distance traveling perpendicularly
to the coast in and out of the defense zone plus the length of the
launch line. This can be expressed ma-thematically ass

LI = 2 (CH-R1 -R2 ) J LL.

I is plotted in Figure E-2 (solid curves) for a mlber of values of
RH as a function of RI / R2. The equation of these circular arcs is

clearly
=2 LL -2  f Rli R2)2-1 2

so that

LL =1000 2,Q ka1 /p R.,1, defined for 0~-1-1--000 and

Ri / R2.:Ryj 0000WO

Therefore:L. U .2kRH--R -2 Ri / 00- ZQ -(R i R2?i
Taking the d ,rivative with respect to offshore distanee, R2 , and setting

it equal to zerO8

•.' -. 2(R3 . U) (Rn2  -. (R. / h 2 )2) 4  0

I d%
o oECor mEt 

fu *L

R2 [- 1 t E
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In the plot of Figurs E-2, the dashed lines represent the loci

of the optmum values of R2 . The expressions for R2 and L for each
of the three belt depths are given below,

(1) R 1 = 0

( LLa = low(a) 0ooR =?"7 R=o
(b) RR707 L

I(2) R, ,2OO
(a) 200e. R&23 s R-O0

LL= 00 - ZhW 2

(b) 2B3ssRk4e7O7 s 2=a 0

LL ' 1000 /1

R7Q7 LLO=D0 R2  5-002 200

(a ) = 500

()5000:PRM~.707 s i 0 *LL 1,lk00-250

I(b) RX &7071 Li0 R2 : 1 / T-- 5OO

Figure 3-3 sham optima offshore distance vs. missile range as a function
of belt depth for a low level dofense.

With a high level defense, for the case of the nuclear submarine

which penetrates the long range passive sonar region 200 to 400 miles
offshore, time within the defense zone is no longer directly propor-

tional to distance traveled within the defense soneo For this case,
it '-,somee recomar to munimise time 5pmnt in the defense sone, Td,

rather than just distance traveled, Ld. Sptieds of the submrinewhile

in the defense zones were assumed as indi cated in Figure E-4 below.
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FIC-URE E-4
SUI 'RINE SPEEDS W4ILE IN H::OH E., DFMENSE ZOUS

4.bmaririe Speed, Ynota

DiEt1:.;.nee Offshore, Miles Ncelear Diesel

0 to 200 15

200 to4 00 3

Over400 15 5

Wk'ho diesel subt arine is assumed to stay outsida theI.1 range pa3sive sonar region.

The on:.y po. nts wher the optimun offthore disatances may change from
the values of Figure E-3 are those where tl,.8 optiun R2 , as calculated
for the low level lefen.se, falls in the 2CC to 40) mile sonse For
these casea, the oiher two ;oseibl. Ta.lue of R2 are 200- ard 4004'
miles° A simple calculat.on, using the foraula for Ld and the speeds
:a Figrure 1 -4, will shr'j which of t.he three possible "best" launch
lines gives min!um Td. The resultant plot of optUmu offshore dis-
tance vs. missi*sLe range for a high level defenise Is shown as Figure

C. DeterminatimZ Blo t 4wEM  Defenso Lepth

As montionod in t|,t preceding section, a variable enew defense
depth has been assumed. From the tiaterial in Chapter 8, Volue Ip
subLarine attrition is ts.ken as ppoiiit l t'o time in the defense
zone, Td, dividod by ths area of the defanze sone. Since the defense
zone has been taken as a retargle of' fixed length (1000 miles) and
variable deoth ".at leatst Fm - Rl but. not more than 1000 miles),
submarine a&trit~ic wil. c.1 early bo proport.ional to Td/Rd, where Rd
is the defeise sone ,iept.1. Sul.et, to the .re3triction that Rd is
to be not lss thuL7 f6 - R, nr greater than 1000 miles, Rd can then
be expressed as Im-R l / Y., mere K car. 4s.eutme any positive value up toI(10Mo - (it1 - Rj , for Elt R 1 O0 mls

Since the aerage submarine speeds have been assumed constant within
the defense zone for P. low level defense, T will be proportional to
best e'etanco traveled i!. the defenue zone* Therefore, to find the
best eneW diefense it is neaeogary te ma~zimize the following expressiong

I t 2(Rdi2) /LL 2 ((RKtRl/K) RJL.

Iky subctituv.,Jg tho expresiozsg: i-,en in ths .preceding sewtiont for R2
ad, L1, as a function of Rm for each best depth,, R, Q can be differ-
entiated to got tha optimum value of '. as P ftzction of P,.,,., L- (N t. i- -i
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The fo:2.owing table shows the value of Q' (or dQ/dK) which
obtains for each of the separate cases previously considered.

FIGURE E-6

i DA'I'A FOR DEERMIATION OF BEST ENW DEMISE WMl,, I LEVEL DEFENSE

Cioasta %It Missile RangeI Dopth,R _ ._ Q9_ Variation of Q with ____I___ K

0 am707 2IRi.X 1- Negative forR 35

% + 9) Positive fork > 354

707ek 3 W ("X + ") it ,,.,, postiveI17'; -____O A__a negativ1 o200 200: B.283 wa & =-

I 283A RK 4?07 !lUWL
+ Wo); Positive for R > 494

707 fi 1000 ~~kAlways positive

500 50-% 4 ,70? Negative for AN < 707
N. 1 500). z ero for , = 707

70ZA e 4IMfor =t 707

.... (- _____+ I__ PosT t itive fr % > M

'"he last column in this table, "Variation of Q1 with Increasing K",
indicates how the value of K should be selected so as to maxwais Q
L&Rd. If Qt, the derivative of L&jRd, is always negative as K increase,,
this shows that Id/Rd is decreas in with increasing K, and therefore
the mimu value of LdL/ d is obtained b setting K equal to sere. If
QI QIs ero, IidRd wil be constant regardless of the value of Ko If
Qt is always positive, Ld/*Rd is increasing as K increases, ad I shoald
assvie its maximm value, that which will meks %G equal to 10O miles.
The results are tabulated In Figure 9-7.
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FIGURE Z-7

BEST MW DEFESE DEPTH, W LEVEL DEFENSE

Coastaa Belt
Depth, R1  Missile R"Wge, R Best Defense Depth, Rd

0 % c .354I
35is 's oo 1000

Soi50'9 4 7o0 1000

With a high level defense, the defanse model is more complicated,
ands as in the determination of optium offshore distane,, it is &ain
necessary to calculate actual time in the defeme some, Tdq to determine
the best enea defense depth. The procedure is similar to that shown
for the low levIl defense, However,, the fact that the speed limita-
tion of the nuclear mabmwine is so marked in the 200 to 400 mile off-
shore sone with long ramg passive sonar# the best enem defense in
some cases turns out to be .00 miles rather than either As.-R 1 or
1.000 miles. The table below shows the results of the calculations.

FIGRE &-8

BEST D DEFENSE PZ Hp HIGH LEVEL DEFENSE

jCoastal. Belt Depth. RI Yissile Benge, %I Best Defense Depth, Rd
0 % 4 160  %

360 I~O * k4oW 0

40D%,oO 10006100 o

600%6%~4 1000 1000I

500 500a %0610 R D

61,0O e R 900 4o0

900'rF%1000 1000

II,



I S~U~Mre At Oition g p ameat as _ uL tc f ssl
With t.he value of Tdj/Rd which can now be readily calculated,

data from C~hapter 8,, Volume I, j- employed to find the associatedI values of As. submarine attrition per trip. In order to siplify
this process, all values of TdJRdj were normalized to a defense depth,
Rdj, of 100 miles. Figures E-9 and E-iC are plots of Td(normalized
for an Rd of 100 miles) vs. missile range, Rm., and Figure 3-31,, basedT on Figure 8 -1, gives 96 vs. Td for high and low defense levels and a
100-mile defense depth. Clearly the desired graphs of vi6 vs. k~
(Figures E-12 and E-13) can be obtained by cross-plotting Figures S-9ii and E-10 with Figure B-11.

From the equation derived for subnarine force requiremeonts per
T' target hit, I/Ttp Figure 3-14 has been plotted to show *'Tt as a

~'unction of qs for 14 5, and 10 trips. EBy combining these curves
with those o~f Figures Z-12 and 3-13, % vs. But the Acots of Figures

3 -15 throu_* F-20 --re derived, sheving WVTt is. Ra.
21ltm I'm i eajm _RanM for a GQ.tan Ug~rofgz

I Havinj; &-termined 5uIbmnrine force requirements per target hit,,
/Tt, a a fuintion of missile range,, Psw it is now a strutight-

forward privesis, given the imber of targets to be hit$ ?t, to combine
this Infomtion with waspon systast costs for a particular submarine-
missile system and find the 16 for minimum cost. (ay the one-4.rip
case will be discuosedl, since the procedure is identical for any given[rnmbr of trips,

Since the actual number of plots required to determine the
optimum value of R6 for each case under consideration is 244 (two
defense levels, two values for Tt, two missile loadings, three belt
depths,, and six submrin-isile combinations), only am typical case
will be ifllustrated, although all cass have actualUy been evalwatede
For the example:

Submarine-missile - Thclear-oruise (CY)
Missile loading - 2DI Defense - High Level
CoastalBelt Depth,R, - Omiles
Number of targets hit,,Tt - U*~

II ~By examiation of Figure E-Lshowing N/Tt vs. Rm for a coastal belt
depth of 0 miles, Mis31le loading of 2, iinaa high level defense, it
is apparent that N/Tt rangea from e.16 to about .128. To get N9
number of submarines required, ?/Tt omit be multiplied b~y 100# sinai.

F(FI
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Tt *100, and divided by 109, since the missile loading for this empleI is 20 rather than 2, Thus N will range from 11.6 to about 12.8. The
procdur isthe toutilize coat data from Part Fs Volume IL. The

cost data is available for Rm = 100D 400, and 1000 miles and N .10s
50, and 100 submarines. By cross-plotting this data,, it is possibleI to get weapon system cost data as a function of R.for any' reasonable
values of N (extrapolating over a limited range if' necessary). Figure
E-21 (solid curves shows weapon system cost& vs. R. for several
values of N covering the required range from 11.6 to 1.2.8. It is then
only necessary to enter the curves with the value of N corresponding
to each Rm chosen, and draw in the dotted curve which now represents
weapon system cost (for the particular =xmpl, chosen) as a function
of missile rapgs The value of %is then chosen uhich gives
mininam cost$ in tAs case, 1K is abt 220 miles.

E. lecatio of OoiMM Missile JN a ie m~

When the campaign duration is limited, trip time becomes important
in the determination of submarine forces requirements. Obviously theI more trips each submarine can make,0 the fever submarines will be re-
quired to bit a fixed number of targets. Clearly the shortest trip
time will be associated with the longest missile ranges, for a given
belt depth.

For a fixed campaign durations it has been semd that the sub-
marines will proeed at mziia czruising speed (2D knots) until within
500 miles of the coasts repr4'.ess of the enemy defense depth,sic
the Increased submurine speed will decrease the trip time, and thus
the submarine force r ments usually decrease by an appreciable
amout* Based ccsubmrine tactics in World War Us it is a I y-i
fact that submarine skippers will take calculated risks, especially
when the enemy ASW famces are spread relatively thine Mtumllys the
submrine attrition vould be expected to increase (when the defense

II depth -ws greater than 500 miles) over the values calculated previously.
However, In almost all cases, the actual Increase In attrition might be
fromssars an original valusof1% to a nowvalue of 3or 4 % This
will have a negligible effect in the determination of submarine force

requre-nts so the plots of submarine force rsquiimente per target
hit, MITt vs: submarine attrition per trip, n , Fgrs1-15 to
E-20) will be used without change in detei'Ming submarine force
requirements as a function of number of trips for given values of

missile range, 16.

Basod on the optimin offshore distances previously deternhird and
the submarine tActics described in the preceding paragraph, submarine
trip tim vs0 It. wan calculated. 2igures 3-22 and E-23# tripe per month
v80s w ae based on these calculatienss with a turn-around timo of 48
hours per trip inciAded0

IFI -.~ T
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Going back to Figures E-15 through E-20, N/Tt vs for 1, 5,
and 10 trips, it is obviously possible toe re-plot I/Tt vi* number of
trips for different values of R . This work has not been shown, but
when combined with thm graphs of tzs per month vs. Be (Figures -22
and E-23) results in the desired plots of submarine force requirements
per target hit, N/Ttp per month vs. Rm. Figures F-2 and E9-.o

Having reached this point, the procedure is identical with that for

on ece-trip case described in the preceding section. Given the number
of targets to be hit, Tt, and the missile loadingp the range of sub-
marine fore. requirements, N per month is determined as a function of
B. Cost data are then plotted for a given case, with the desired
range of N, and a curve is again drawn through the points for each N
co sponding to a given R. For a two-ath carpaig, the Identical
process to repeated, except that all values of N are halved.
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PART F

stem Coti

The purpose of this appendix is to present detailed costs for a saiple syster,.
tie method of arriving at these costs# and cost sensitivity to variance of
items in the system. The sample system contained hereafter consists of ten
(10) nuclear submarines, carrying ten 100-mile ballistic missiles. The missile
ranp is varied to show its effect on system costs, Ranges ill be extended
to400 and 1000 nautical miles.

The general methodology contained herein applies to all systems. The general
basic assumptionhersinafter ctmtained, app.y only to the ample system being
costed in this Appendix, Specific assumptions will be listed under each costcategory All general basic assumptions are contained in Volume I, Chapter 10*System Costing".

COSTING &THODO 1001

The costing proeoss used in this stu4 is based essentially on the Rand formato
It is anticipated that this costing method will facilitate cost corfarsor *-ith
other nuclear varbiad delivery systems,

A~, Cost Structure

The weapon systems are costed within the following basic cost structure,
Figure F-1.

SUa4ARINE STRIKE WEAPON SISTM _____

IINITIAL ANNUAL TOTAL WEAPONH
COST ITEK .PROCU1M24ENT OPERAT IONS SI ST 
INSTALIATIO 0S

EQUUIKFMT

TBANSFORTA*ION
$

STOCKS

EXPEW)"LES

TOTAL.

FIOR F-1 - BkSIC C03T STRUCTURE - -,

~FCI~'T /
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B., Coating Terinooa

The following terms and definitions coinci de with current US.Navy cost

terminology insofia as can be ascertained for Phase I of this study, The[ teinology applicable to this study is as follows:

1. InitIal Procurement Cost Items

First outfitting costs for a complete operational weapons system.

a, Installations - Al building, ramps, docks, surfaced accesses.
real estate and permanently installed equipment (non-4everables),
as distinguished from other equipment (severables) and furnishings

b- E n - All operating equipmet items except non-severables
listed-aove, Oust items in this category have over one (1) year
life and are comparable to capital equipment in civilian terminology

[ Co Stocks - The initial outfitting of expendable items which provide
*no supplies to initiate operations and stockpile for MM
(Mobilization Hmeseve Material Requirements),.,

d. Tranaortatian - Costs are not identified under initial procure-
nt, asumd to be included in the individual itm

Seo Pemonnal - Ro costs are imluded :in this area per basic costing
asmption limitation.

fo , n -ot applicable under this category, appears under
- annual operations 0

go Maintenance - Not applicable under this category# appears under
anzmal operations

These costs cover a fire (5) year operational period. Missile corts
are included for destruction of one hundred (100) and three hundredI(300) tar ts.

a. Installations - Not applicable under this category, limited to
initial procurement mots.

b Equmet - Use costs for land based equipisent including utility
and 7NI coosts° Thes costs exclude personnel and generally cover
supporting system operating costs as opposed to operational system
costs (subarines) which are covered under personel, expendables
and maintenance.

SEC, I ET



o fr~oc ~at )PJ .Ccble tvv1h~L~~ cclrjI, appc;x under
ini,ti&L proctirenert,

. ranmirct3,0ton - qost of opAor,, . 4endbles to the end
iseage -cT,7n., For the :,,:.o s,!'r :i factAr of A of the ex[ 'endable.: cost ha:3 been wm, !,

e. -Person) - Mamir.g costs Tor ) :eiawional units and supporting
"y3tf" -pt ist l,.ttion.3 Do s not include overall submarine
'b2e pereonrel coats L; s te.w v'e:'e not determineable for
the pilot study work,

f. E_ &.bleu -, Inc.Au d in this v.egory are items such as
iconsuti'eM (food) and exendables ( nition, petrclem, oil,

TSr-rc-at-s miissile s an.v, UThrifcM!eoas supplies>

g, Maintenance - Upkeep costa for installatioos and equipment over
opei~r.on tiw. period,)

COST;IU ASSUKPTIONS

In presenting the cocts of a zampie subzriaa st.tcie weapons system, the
folloiwing costing issumpti.o.s have boen ma. rd:

A, All costs are bases on a 1.955 dollar vali-,,

B. All depreciable itemas are assumed to bs 100% depreciated during the five
(5) yezr mnoblization ros.rve pario. No rae3.idval value has been con-
si dare d.,

Co Nuclear warhead costs have been excc.udsdo I, is assumed that nuclear war.-
head costs wil). remain fairly con:3t-nt re ardles of delivery methods

D. The cost per square foot of now ins- allations is held constant. It is
recognized that . percentage factor would be applied to obtain overseas
ooastruction costsU,,

Zo DepotD nissile storage sheds and TOwArinn schools are assumed to be
located on, or closely adjacent to* the submarine base0

F_ 'Ia five (5) yezm," noblization resov3.r ;eri c-d is coated on the basis oft
a full strangth ;peratt anal system, No a'itempt has been made to do in-
res w.tal costing,,

3, :4obi.itation reservo period as used :.r stur is defined as " a ntnew
(90) day stockpile aw.lable for nooili2ation".

I H, Costs hfvip presint A are for a s¥-.' c,.pable of destroying 100 targellso

In SeqIie!itiai cost factors hi.ve not. bt.i4.v-PP..ACared,

, r iI



- TOMA Yi CUS7'S Y-Gl UB A111E II5U.,YA2 STYSM

NOTE

Ihe cost '.%t1L presentoed is for use i'n thiF At-~

the cos- (tJ contain.34 herei Le wsed f'ot au~r otha:

Thbe V'&rple eyqeri p: v ented e calm A'o)lows; the, ruithoiogy oiitliaed i

I:L -ye F -I.., "-le scitim conxist~s of U'L def~n~c~initive tps

Sbmzi-te Y, ee 10 Submiari.nes
Subrnarine ,r-)pulsion Me

Ms91AiA),cK n g TPrlargt

[ITargets __M_______

?r jpuxposa~s of -h s-,tmple cotet str-Qct,?.r a'll items Aljl rem-imn constant
axccjAV i1sila ra:.3., M-:s1-rnge wilbe incresed to 1hO0 6nd 1.000 miles,[ChargCu iii syster eorJ. dus to -Aissile rangm' var-.ance will be ecsuesed for
nxit iten, TotAj. s ysitA:- (100 uia mis:i.le) aad the Wao variabls[ (E~CO and J.OOC idlJe missiles) axr, shown In Figure F- 2,,

L, 'DBtallatiouj

I (X'T .!S.\ CST

7 rltiz-iJ ~c~'CiAi-tr n13-85M11o

I ~ ~ ~ r U ~bM:*t~serve 01.eriJt.t d3.8 lo
TM.',A', C)SI 805 llio

KW~UM3 1' IfirTALLATION COSTS
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1., Sumrn Shcr Intlaio eloiens st 12.000 11i.Ui1on

a,, Muelear Drydock and Base Failitier

(1) Initial Procurement - A total initial procurement noet for
ilea cities has been determined to be $1200O Millions.
This data was derived from a rough estimate .4N costI ) pr z'ent
ly in work aid from discussions with a firm ; that has done

L iviclear faci.lity estimating and construction. It in believed
that overall submarine nuclear propulsion facilities should 1'e
the subject of a independent study. -ia initial estiate-; for[ nuclear facilities are as follows: Y

Coat (MJUions) Coat (millions) (M14ONS)
IWAZ L iTION ITM SUB BLSE DMMCCK TOTAL

.Iu... 7 Bldg. ..2.. .250 50

Utility Shop a.200 .700 .900

-ue DW , 2.5o 2.500 5,000

iaste Disposal Plant 1o500 2000 3-000

Aed.cal Center Bldg. .800 .800 1.6o0

Graah Unit Bldg. .250 ,250 .500

TOTAL COST 5.65oo 6.500 1.2000

FICUIE F-4 NUCLE&a DRIDOCK AND BASE FACILITIES COSTS

The installation costs include major equipment costs which
would be permanently installed for the equipment's useable
life apan, Zamles: Heavy duty washing machines, over-i head cranes, large machine tools.

(2) Five (g) Yer peration ,- Costs in this area norml;- oav,-s
I Wpreci ation, maM nce, and operating expenee. The stat
cost structure puts maintenance in a separate category, aa:1
depreciation ts excluded per the Coating Assumtionaso Thi
renairing item, operating expenses, is -- na;t as u bor r,
line condition. Do you operate the installation (building;
plant shop, or fuel dumip) or k you ope'ate the equipment : on-
taine. therein, For study coisting purposes, the latter caiI is assumed, tas no operation costs appear here,

X) NVA:RJ A N-visiou of (1nsral Dynamics, Fort orth, Te.,
) Ralph 1. Parsons, Inc. :on Aneles, CAlifornia

E C L T



4.0-

Effect of Increasirg Ivasi've RaO~ Nri
%,Olsts df. not. inolle9'ss Wo L an*r.-dock o~r 1xse
faciflities by inareasing miaele i-&ngo-, Nu'aar dry.

aiajuilu rian~e or ] ocdirip Cc ato here vaxry oxrtnXzai)y,
with th(D nmler of aubxm.rii-m in the cay~i-ev,,

-. uidd Ihure InstaUAti-Req1iimeqn,.,8 -cot

1N S LA UA rIO4 PRCCTJR3MET jOIUTI0N I CYT
(IliUorts) _Vlios _____ MiAor,,s)

[Guided K~saila School ~ 5(X W5G)

Hiile A1 Oepot 'meta 11a".iongI 1.305 Norte 1.305

[ TCTAL CS 1-~805 1.3or)5

FIGLT1E F 5 GUIDED EMSSI.L SiMP.9 IH1STA~iATIONJ

'.it jam uned that one viaw e moo. I'd. be recri7-vd to trmdn
Lsile imin foi ar. operating force of tan (10, s~barinss

j This school wMU be ;hysica".1, 4 oinited on an xxisting subL
nmA4ne 'a.~ the h'd.iig :euTn~rt re bhised on tls
present kCuldo.d Hissile Schc'ol N.110F, Ponona, Califora 0A
The basi , ayzoca lab and c'ffi,,'a Lreatj would -,eqa:ixie
apprcadnat-911 20),000 sq~ ft., The mlstwile simu].atr 1,..jncher,,
&:"ce checkortt 1tCti'mfl would requira rprw.4,mA1. 5JMA sej~ t

A corstr-oc:2;.'.or of W20 CC pa-, ff s pea

The ntasZ*:1 depct instal~iticon rmAti hm-ie been *ep_:-%Lad
int' cIwcko'.tt a~nd mnintenanze in:.ta3>At.ns and Ata:§.le

Th~ ~ ~~-o fore~3~njr )s~t in 6 pot. coa~a i~re,. first,,

the t.;y" ,nd slz o tl ) iasi - .icond, the -rimbrr of
mi.tsu-,, 11a "'be cieipt ocitd a,(cc-mmrat* at aX1' r.18 tinmi

and, tlirl,, opsraiti.or r to be~ acocmpliahed& Fc thia[ syaitemi th.z depot is v tivaed to £.ncrzda.te :24C Asi8Bi-C$
The d3pot req.-Arenrts div~sled be'.wean stcragc, arna.,
vorbrin~g airea ancl :,Mxfe &ro



Tfhc7 .oikiujz .d xA to.; ri~c ?.re-& rgquiremtnt3 are
'base:i .n %,;urz-ont miuaili- deipo-.s . Two fantors ivmvn 1xen

ecnsidered 3., calcu.t.In. the asi.'_t storage area.
First, the miasila vohr.e re-hUtionship rcanned miasiI5
vs uncianned nssile) ond., seoo-',, miis'ale stack h.ighto
Current :ssi le p..cgrams refloct a fi..iy high canned
to ur .anusd ad.e.le volume I one typinal program he
ratc, i.s 5 to 1. For th-, etxuuly it iJ- assumed the
canined to um-anned -lasi.le vo'mom A1i be apprarimatsly
I to I and the missile sts.cks Ui be two .2) high°

Based on these zawnationa thi building square footage
reqafu-ements cre 39,000 for missile titorage and 1,0)0
for checkout, mintennce, &.n4 offive apace,, A con.-
struction cost of $15o00 per" sqoftc is used.

"2) Guidod Missile St oSi&ge Stied, F Cost °585 Million
390 assiles are required to reet the Mobilization
Resere needs, Storage shods (underground) with a
caracity of 190 missiles are required to handle the
exce6 missiles (approxizrate];: 18,000 sq,f o), A
construction cost of $O.0C par sq,.tt in used,

Ejaet ofInaegai-W to 00 nd 100 utica1 Miles

Missile rs.nge increase effecta the missile volume which in
tuzn effects the slace requirez:3n wherever the missile is
%'ored, handled or checked out, Additional installation
space requirements are based on viisile volume changes for
the 400 an: 1OCK) mile range missile.

B SqUIMENT

-~ - - Th FrAT
C13T TT PROCUR NT OPFiATON (ViIVLionl)

Su lines 3934-00 .3,3,100
Tender 7.0o 7,000
B:s,3 Checkout & !ando Equip. 2: 681 -o931 4,,612
S!h.,j Equipment 110OO °2.50 L,250

__,:,. Halling Euipment 5.,990 - 5.,9.9

TOTAL 4O9,671 2,, .81 L1.l1 852

FIGUf F, , . QUIPfE COSTS

Elk



**~'3 F 'n provittcou al critline in ','he

C.. D, h beten v.saiumad thlat orto exisling adr
'u,)' conwe-ted to KL-ri) 1%6 tlO mclear 5u'biarineae

E*.ii fxiant. for o&ses and drydo-ko ax asmed to be
a&cuvkte for norvrf~nticina eub-arive operatio. Iqe
e(-. U11 I is .:-,,uired at one Oase wAv~ one dr,dw~k fcr
molzur en=~An e opera-%,on duie to 3pacialJ prob're
'(Jst.*d to fissionable mi.fLrialc Special depot aind

st r~:~ t~i~2 Lie~are 14-1-8 -,3quire(I for gaided mi ssil.e

. 1~Ij he:!kout equi~lmt.-n on su tarins is inIvJuded '_n

ln!. a1 Procurt~uent

Sub-miv-ne cor..ructicr mati~w,.es are based an Similar
bcpts constrx'cted,) being, octvIructed or estmated for
currenit -onstruction programisn General iaubmarinie design
assumptions are. covered in Chaptor 4, Major det.ign
&asimptions for* voiting tpl rpset foi- the ba,!e stystmr arv

Sulfv. D spluv.-n1.t '"on 2950
I-,wer IP1&nt. NUCtar
Shaft iiorme Pcmsvt -7 X

Th3 (!lrar.lx1.iHne (cr.-mtvtion tigtimtes haveb~

Ini~t, a n~ 1n e v;.'L~p~i~n of BwShip r'equi~e

bave not ba, prep.Ared frs-' I £o.t pJ:It Ltv.dy workd
Tha A.tlum:.Te co~t~s fcw Lho't )-wsc oyetul are es"Giin.ted at.
t3 .)CO0 O00 or &pxc1tt: )A9 :.000 orC.'i

1i~n~Cut Frz.CAlr. s

3 with !!'T'nie of BDi(-,rd -u~I T . Wathingtcri. .

C r'~. F:ttir- r. Problnzm*



b. Arawual O ati Or

Anr u'al operations Is nhovm and exp:ained under Item 6
Expendableso

The submarine size varies with missile loadings and
r&-lgeu The total missile volume requirements determine
the space required for W.ssile stowage, handling and
la-mchingo It is ussumed that the space required for
missile checkout and fire control equipment w411
remain fairly constant.

Submaurine TofM 10 ls e Load
Surface Displacement Bilistic - Rae

2975 10
3300 400
4700 1000

3. ..,tJrLS, Costs ')- Cost $7°000 million

a. 1.?.11:1ocur e

The submarine tender corrersion costs for missile
opirntions are $7 million, broken down as follows

(3.) yjg ~ qi~n 2)3)-. cost 1.5w0 Millior,
The coet of misile checkou equipment is based
on extrapolation of costs of chew1ut equipment
used in present missile program I Equipment
required is missile system checkout consoles.,
warhehe. checkout goer and associated equipmentso

The equipment would be coparable to the shore
missile depot installation.

(2) MaWd1±nR Eauiraent -, Cost 1 ,000 Million
Additional tender costs wil. result through the
addition of missile handling equipment such as
missile dollies, cranes, storage racks and other
equipment necessary to store end handle liquid
propellant missiles, Costs for this item are
extrapolated from cost data secured on existing
missile programs

.1. D::.ucusslons iitb 8&irwu of Ordnance & BAeron&',tics Personnel, Washington , DoC,
24 Hat-d.ing & TS., Estimates -- Convair, Pom a
31 D:.*cussicns vrith WuAero Personnel. Waehington, DoC ,

Jane's Pghtng Thip 1954--575, Cony, Costs of (anberm,



m FT *' I -

I

UJAineri iq jje --C~ost M~OOlo n
This - nsists of smalf items of electronic gear,
calibration a3)4J;nvrt and gauge test equipment.

(4) §tr pualC its to the Tender 2 - Cost $4o000 MillionI Structural changes hiave been considered necessary
to take care of missile storage, propellant
storage, assile checkout and maintenance andI epafr aras within the Tender.

b. 5 , I 0pertion of Tender

I This item is covered xmder cost area 6 - Expendables.

c " Efe t o arf n Missile Rangg tob0 an 00NAilMls

i It is assumed that tender costs will not vary with
-issile range. Caplexity will not increase suffi-
ciently to change subarine tender conversion coets,

4- D Oerating- Faoument 3)_ Coat $2681 Milliono

3 a- JritWa hrormalt

The depot operating equiaAent costs are based an cost
data in the above referenced report0  The schedule
below indicates the depot equipment req eso

3 INITIAL (1) SEAGE (2) 5 YZR (3)1- FX FROCUILM COSTS F A (TMR OFSHATION

(000-000) -_(o OO)
- Cher'kotit Equipment 1,300 10% o730

Mis Ji.e Trucks .225 20% .22j
Mis.Ale '21ailers .756 20% .756
P-i--.e Ko.,ers o093 20% °093
-lis:. ll Gear .107 20% o107

3 TOTAL $2 681 _$1.9_ _

FIGURE F-7

1. 1a.:d1lng & T.E. Estimates C- onvair , Paomoa.i 2 .Ja.efs Fighting Ship .954-55, Conv. Costs of Canberra,,
3) Ba .l on CRO-T-257 "A Poduction Cost Estimate of the XSS&4-14, Redstone

(iwtdacd ilesile System - Boot_, Hamilton & Allen and Operation Research Officep
I 3 Joi-n Eoikins Universi.ty, 11 Deaember 1953o

l 'E C -E
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l Yea Ou.s

, yer:.tixi coats of ch6ckout equipment. i 10%/year
of init.ial cost Other equipment is 20%/year of
i-nitial costs (See Figure F-,7, Co. 3

c. Effo qL ssile Rune to k00W

In this category, equipment size is a variable which
is dependent on missile volume. Costs increase by
a factor of approximately 1 and 2 respectively for
400 and 1000 mile missiles.

50 gided sle School E au4 rx - Cost $1.000 Million

a. nitlal Procuremet.n_

Equip ent requ.sments for a Gulded Missile School
are based on the present Guided Missile School atU Convair, Pomo Equipment cosnw include such itme
a.s missile simulator, launcher, checkout stations

i and furnishings.

b. Guided Mtsaile School 5 Mmr 0 r - Cost $.250 Million

mI Guided Missile School equipment cost is $1,000,000,
operating costs are based on 5% of initial cost
X 5 years operation or LJ. 1 .05 t 0000 X 5 years

i $250,000.

Co EFfect of Va,-ZinE Missile Range to 400 and 1000
N~atical Miles

- ost of equipment required at the school will
increase as the missile range and/or size increases,
due primarily to increase in size and camplexity
of missile simulator and launchers and so on.
Costs increase by factors of approximately 1/2 and1 2 for 400 ard 1000 mile missiles.

6. Nu 0 rggeusn 1 ) 2) - Cost $5.990 Million

3 a, In9gocremetKInitial nuclear handling eqi~ipsnt estimates are as
follows 8

I. Ra Icih M, Parsrs Comzary, Los Angeles.j j eor Wort Division, Convair.r -



L.Ii l s 4'.iion2 Mt-11 tons)

LLK1JIM T TThM - ASE DRYDOCK f TAkL

Lamuiry EquI.pment ,,080 080 160
Utility Shop 2.50 ,750 1.000
'Nel Dump .040 o040 .080
liaste DIlsposal 1000 1.2'M) 2.250
Ned..cal Center 750 .750 1. 500

'rwih Utiit .5W0 ,500 1.000I jt3____ ___

TOT~AL COST 2.620 3.370 5.990

FIGURE F-8 NUCLEAi EQUIPMENT 0CST3

b - 5 YLw hre §h q ± tAegt erStiMg - Cost None

No satisfactory opersting costs for nuclear equipment
can be obtained, thus, is omitted from the study for
the First Phase.

~~c- Acft ,f DV:A $riz Ls*"1 Fam .e to ka00

Bass and drydock requirements are variables based
on the submarine force size and not on missile range
and/or volume, thus, no change in cost results by

OS' Cvarr..ng missile range.

Coos

T bToal Total Costs
(l'L12ions) (millions)

Ynit 1al Procurement None None

.year C-perations

5ubia rine Crew 21-600
Teader Crew 21 eoO
Depot Personnel 6,1M

TTAL 49,"....... _.4_l.....Z9o200

Subiarine Crew 1810 ,9t
Tender Crew - ,7x,

TOTAL I, 30 I,, . oUI ii OGRAND TOTAL -
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The crew size wil not increase appr-1iably with suharine
tonnage increases.,

b, The tender size will reuin constant rela ive to suiaarine
tonnage increase.

Sc., Missile training wil be given to 15% of the total
submarine and tender crewe including imuediate
support perscnnel

I d. A'nnual subkarine training is included for 25% "for sub)
and 20% (tender) of the totsl manning force to cover

j transfers and discharges.

Pay rates are based on 19.55 rater..

f N, o costs are included for nuclear power plant training.

g. Due to personnel attrition rat-a a 20% factor is used
to maintain 100% operatinj crmso This 20% factor is
expressed as "Imediate Support".

h,. No provision has ben made for mass Initial training
costs for submarine or missile training schools. It
is assted that an adequate nmber of trained sub-
mariners will be available. The missile training costs
for submuarin and submarine tender crew cover annual
attrition and refresher training. The initial missile
orew would be obtained from the prototype programs.

i. No costs have been detemnined for submarine base
persumnel , The costs here would com from the personnel
requtred to operate submarine bases such as Pearl Harbor
or Coeo Solo. The imeiate rperonnel support costs
are not intended to cover personnel costs in this area.
Tn essence the costs reflected here would be the back-
up force (shore based) required to support ten (10)
sum.rines and one (1) submarine tender at sea, Those
costs will be determined for inclusion in Phase Two
of the study.

I

I1
j .)E CiI\T
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2. Submw 4nCrwe - Cost $21,600 illion

The pay and all nas fcr submarine crew re based
on 1955 pay rates i, Fcr this systm the crew re-
quirements are 1080 men. The basic crew is 90 men~and the immediate support pe sonnel are rigued at

20%,. An anneal average cost. of $000 per man is use&,
Costs then are6 1080 awt 13$4000 1 5 years-$21-600 mill1,Aom.

J b. &[feet of IM~ran1sti l Hi ar
Nautical KilosMt.. ~4_M

Submarine crew site is a variable deponding o . sub-
mrl s.ie, however, no increase in cos%, results from
varyng missile range in this case benau'e sbmnarine
size ircreases are not slpificant enougn to require
awre pernonnel,

3. SubW.e Tnder Crw w- Cost $21.600 Kill-Lon
~~all A Tear OperaU±

One teader is assumed to be adequate for this system
The crew will number 1000 I lus 200 man immediate support,
The average pay is $3600 "' per man/yaar. The costderived ls L200 men X 03600 X 5 years z $2lo600 Million,

Ib. =9&c o ariin Missile, &Mn to &Q0-n 00 i-
Hues

j Tender personnel is a variable dependent an the number
of submarines tended. as:ile range Is not a factor in
determining tender persormel requirments, thus noI cost increases result by varying missile rang.

/. Deiot Peisogne - Cost $6.000 Killion

The missile depot personnel requireents arq taxed on
inforation obtained frcut several sources ;N. Par the
system depot six (6) eisaile checkout stations are
required with associated calibration, sa2lntenance, and
repair personnel for mieti]t and test eqdpment opela-
tic ns A missile checkom.t crew is coaposed of ten(lO
men. A -spare checkout. crew has been iuwo''do!d to coveravacatlcns absenteeism,, and trairning.

I '4%ffce of Asst. Controller, Director of Budgets & Reperts, Washington, D.C.
2' . r.air Washirigton Office .- nOro on Nand StaI. Beach, Ca.if, and HAD Hingham,, tartr FT



lhc jopot persanal -i.;,~ a 200) for th-i.r sytem.
iTha ratio of -ivilian *a.Z 8etiofe personnel is assumd
to be ' to I,, A copoaite irate rf $6,(O per man/yer

0i used. 'Te costs derivod are , 2)0 en X $600) y
5 years 06.,O0 mLY "ion

Depot personnel is a variab_,e of mis ile range, size,
and complexityo E varying range misile, size and
comq. exity increase, thus an increase in depot personnel
results due primarily from hmdling and checkout,,

5 9W.. Iraing - Cost $1,o530 Million
. 5 Year Operat9 n

Anraal training has been providdd for 25% of the 90

man submarine crew, and 20% of the 3utearine tender
crew (includes 20% imdiate support jersonnel
Training costs are based on a rate of $600/an').

I The trainin costs cover .510 men X $600 X 5 years
$1,5530 million

b. Lfot ofVa14 j gJs Pan to i0al
_______ ________e t an M HaI

Submarine training is a viirrable based. on number ofJ smaerine crews and is not dependent cn missile range,.

6. Misile Mai~j&Lg - Cost $1.881 Killion

le missile tVaining requlrement.o are based on the] assumption that of a 90 man cr'ew submarine a-d a 1000
mar, tender crsw (/ 20 lizmediate support personnel)
approxiuate 15 l wi.l be given training ann U ,
Missile s~hoi. training r.oste average $11M 'per mn,
Based on the 15% faci"or a total of :i42 mer. will reqptire
training ann&,ldy . Co, $ then are', ?U2 men X $1100 X
5 years - V.81uj: o

No effect sine missile Lraining varies dire'tly w.t.h
number nf submarine and tender -rew,

1 lV Ccn Sub Lant, New London Conn.,

2 Guided isalle School, Convair, Pomona,
f ;-. .
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,2. Kegl-

Cost Area #Missile8 Ave. Unit Total

Stock ,90 o56 ,,24.8W

Expenubles _ 200 056 12.800

IFIGURE P-12 MISSLL! COSTS

Missile costs -have been determined as follo s

+a a. Missile gross wight and average unit cost for several
missiles w-Ith unit costs ranging from. four (4) proto.] type units to l0,ooo production units wer obtained

b. An arbitrary base of sixty (60) issiles was used to
extrapolate costs for the various types of missileLo
Util1ing the 90% learning curve the unit costs for
various missiles at specified production quantitieswas obtained.

c The system missile eq-e are a function of
nuber of targets to be covered and are derived as

] folafts

(1) (00 x .3 X 3) 200

]M= 390 ' 200 a 590 ad ssiles

wheres

IN: "otal number of missiles required
100 = bw of targets vered
1.3 : A constant based on missUe pre-flight

reliability and hit accuracy
3 Mobilization Reserve factor - a constant

200 Number of training missiles required
(a variable based on number of submarine
crewn)

(a) t

Missiles in stock represent number of missiles
required for 100 target coversae (L30) times
mobilisaticn reserve factor 3,making a total
of 390 missiles Jn stock.I (3) .km~t ,i,..i

Missiles expended sre 200 and is determined as
followas F ,I-I > "FC'7F '



Total crevsm (10) X Suport (20%) 2.2 crews

traini nv. 4 X 3.2 .. iai3ileaf
Flus 2 minsilas per riw ;,.nnua.2Ly

for training prpoaea DIU25 20Missiles
Plus spares (in equivalent

missiles5) figured at 25% ofI 5 year training alJlowance or
120 X -25% 0 ~OMissile's

ITotal missier expended R198
(Rounded to) 200 missilea

d. From l.e amring curve wctrv pol&ticas t1a unit cost o~t1~~h Yniv 1)3W':; c is approximatel.y $;56,000. Taeaa costs ePre
brok,3r downL ort an approxirmate basc

garhead lHF, non-nuelear) 5 J' 00  'ii Power P)*.zt '.5.000

TOTAL $569000

Thbe cL)3ts in ttis Pra crn- auppj:ea and eqidpags %r the
operat-in. units of the v C~.~crs :er.tIved. as

3TOCKS 'I.NUAJ 5DYi (Fx-tor 1L/2)* TflK TOTALIISubmii 2 5,, C M, I!, 5W 10 125pco 1
Tener- uboarinc1C 'A;0 5.5000 J 55,POCL

ij FIGT1EF4 C3&1 2'I ~CK .3UP?L.MS

*Tho fttctc r is rtszo3.ved au folliois g
~O r:' r~c'we 3/I.yegr ple

IrnJt.3j~f.. cv .iittint supli,s tc :"ast -i/k year

*1 Adii; te~ ix 2 ~tza ~hefactor ( c1qw2Is 1/2 year-,teVi x 62 t at e-i



Tott.l cre-va '10)' X _0ippc-x.- 1'O ~ 32 crews.1~~A a,9 C! .5 3'r-V~ init i !' 1

Flue, 2 wiavflA.; s p-er crev; n.m 1
for trainin,-7 pr:.oe 11.21~25 --L0 mic; iles

Plusi tupras (in qiae'
rnissii ss) figmreC. at 25"': o
5 year training vll.owanec or
1I0 X .25% 30 Iis3ile3

Total zi~~sileo exnen -.ed d~
(Rkunde1I to) 2C0 miseiilev

d. Fram %1-ho *c&rrdr,- curve nx bpol.,tit:.n3 t J~ *iit Cost Ot
t~he maa~ilv ir iupprcminrtoly M~.00. Ti-I~ costs arc,

broksm dcm,. or; iz, appi. cirztc biris;-

I .rhc~i d nn- nucKX.. 0 2, '0$
FVMr~ punt 500
Ccoatrc,-; '4j V""00

TOT&L$56,coo

IthO COAti -'JI + *jS tcerZ- t-ieri ai-( 3qidip,,'. X'.r thxe
opizirttion.,A unit3 1: t~i-_ Co Aki. z r3 Aqaj%..ved as

3TC ~ ~ J7A ~JP~i~Pi~t.r /2)* ME '111AT

ypk
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Submarines 25,,000 10 5 I$10250O9000
Tender-Subwarire 310,000 5 550,000

TOTAL $_9_____o"

FIGURE F-14 CO3T OF FPM4ABIZ SUPPL33S

- 4. Fuel

The coats here cover the initial nucleir fuel requirements
plus one (1) refueling.

Sao STOCK Anal SuppI X Factor 2I tinies TOTAL

Subail* $ 45vj 900POO 10 $9,000OO~
Teuder-Submarine 4r0 0'0 10W

TOTAL-- - -9 00 -O

FIGURE F-15 COST OF S IVC1 FUZL

b. RUB=IDEL Annua3 SUPPAY X '.!men Year TOTAL

Sumrn 150001 5 $7,OD4OO

TOTAL .$8.200,000

FIGURE P-6COST OF £EIPUD~ FUL

I issi1w are not included in this category. This training
&a1-owanr.e covers, erdnance items hormal3. allowed for sib..
marines.

AM I5l 3v X ar, Lptq -X IAL

Submarines $20,000 $209000C 10 $lOO,(CO
Tarders- Subarine 88,000O 44sW 1 44t0C*

I ~~~ FIGTSSU F. 17 COST OP PWR~~)IUION

RI



b. EXPNDA$0 &mk S~ X Tiir IX TT

Subnmar1.nev 208,000 10 5 419000,0

Tender-Subarine 880O0 0 5 44OOOO

ii ~ ~~~TOTAL )l C'~O

j~c~t Y-8CSTO XPENr,)EI) AMMUNITION

[6,, Foco

The annual feeding allowance covers the udmum actual crew a&owa1ce,.
The imi.,iate support personnel food allowance is not covered here.
Base operation costs will pick up these people for food and anY
other a'lowarce computt&,, o:.- a per man basis,

&0a STOCKS Annualftg X XFactor a~i~ TOTAL.

Isuhbarine $45,;000 J 221,500 10 S225AM0

Tnder-Subarine 135,,000 67: 5M0 1 67, W

I OTL (Ronded) $293,000
FIGURE F--19 COST CP 3TOCKE1 FOOD

r MEN Am=! SiPRI,  X TimesX i Lem' -!i

'sulmarine $ 45900:~ 5 k.250,0

Twe SWmarinl I, 135A0 5__j 675,000

TOTAL __ . ...__.t, 925,,00C,

!1 FIGURE F-20 COST OF EXPENEI) ." WO

I he costs in this area are computed on a p'rcentage basis- For
the Phaedr I costing ptrposes a 5% factor has been applied against
the initial equipment procurement. This appX.es to the stock
costs. Expended equipment spares on eubwarines and tenders are
includoid under mainter.nco

!,. +1, !5E C !: F '



STOCKS~ 1 TOA

Subnmrines j 3934,00O 19.6,50ITenders. Sub.mar Iie 7X00 .3'JO
RiGAi1e iPo3t 2,691 0:4 (T r7xded~
Missile Schoo' 1,000 .0;0

B .se & D r d o - r . 9 J30
- TDAL LP9,61 J 20-4

FIGURE P-21 CCST OF 3T10E SPfUS

b. Ex)ndbls

Foi- initid 2osting the 3tack spar -s are considried a.46qitaI ~~ ~ fo bothicgzo.

Cost of missiles rcquired for this eyetemi is a variable depende-at.

on missile raigeQ, Hissile weigh , volume s-nd compleotity irnc~fease
thus5 , ccsts will ir-_.ease in tha issile stocok. and expondablqI aroas. All other ar,3as are 'rar.ablen baa or. aub=irine size
and are affseted whe-i tie 1001- nil. ni3S".Iee are Usd, s lnce this
increases submi-rlne :ise considra'b2.y over. suauarres aarrynj,;

100 and 400 m~ie m:1.ies
MInterac e7__

I Thitial Procuriment None
5 year Operation t26~069 min~ions

IYTAL COST $126,069_Millions

i FtG~I)IE F-22 iMAINTMMIS CWX35

1. Basce.Ccst Asumotonia

a '- 2ubmaaririe and submaarine tonder zhntonaance ~csts htzve befgn
*,ausl on cov3ar for existing SSR~u :%x* t.3nder.,

Ib, O'ne *) coiw17-rtfd tender is answried to '63 an~ieient to~
handlie tCen (10o' linuclaepr riW.

c,~ Asinbonance occw-s only- after elipiwmt i3s prcoirdp
the'rsfo"- no initial jrncurva~?nt coA .- )plY
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d. All expended spares are assumed to fall under the maintenance
catagoryo

e. A spares usage factor on equilaent. other than submurines
and tenders, has not been determined at. this time

2 ~ ~ temnce. - - - Cost 12, 325 Million
a- Wiarlne 5 Tear alntne -

Cost data an subanle maintenance ' are based m
maintemnce costs of present SS.'s and have been
increased as indicated for nuclear opematlionev

MLM CFACTOR SSR BASE NUCIZAR 5 Yr. OPERATION

1egency -.040 .075 -7
Overhaul .300 2.300 U. 500
Repair ,025 .030 6150
Spares ,,030 .06C .300

ITOTAL 132.L
I PIG F 7-23 SUBMARINE NAINT&MCE COSTS

Efec O. sflft!&gLe AD-MO M alit hutica1 Ug

An 3icrease in uaintenance results wheet submarine tonn ke
inc:-eases For the 400 mile missile submarine eise does
not increase significant~y, thus maintenance coats increase
an1y slightly. In the c~se of the 1000 mile missilei vub-
marine tonnage increases significantly, thus maintenanct,
costs increase by a factor of apprxcimte:L 1/2 over that
for submarines carTying 100 mile missiles,,

a. T g ea L, Cost $1. 120 lion

l I Tqnder mainteoce coats have been based on costs l)fo.
p resent tenders. It is assumed that nuclear submarineI | ope)ations will uot Increase tender maintenance costs.

I U.S.Navy, office of Assistant Controller, Director of Budgets & Reports.



MINTENANCE BASE 5 YEAR OPERATION
FACTOR (00o000) ($o0OOOOO)

Emergency (033 .165
Overhaul a36 .6s0
Repairs .020 .i00Spares ,275 175

TOTAL $112O
SFIGUE F-2 1D 1 Pr A 13MNANCE COSTS

bM MU apegjef &g to 400 "n IOgat ie

No cost increase results since maintenance costs of tnniersis v. variable dependent on number of tenders used, Submarine
force slse dictates number of tenders required.

I 4g 44..dod Missile Syste.Olaguioent and &&Mki Maintenmace
for 5 jer - Cost 1.699 Million

initial Equipo Bldg. Anm.v 6 Yr.
GUIDED MISSILZ SYSTM Equip. Life Sq. Maint. Total MaintoI MAINTENANCE ITEM Costs Years Ft'geFactor Costs

Depot Handling Eqipment 1.181 10 - J14 Ibit .295
Cost

Depot. Cheokout Equilumet 1.500 10 - 10%ltit .730
Cost

School Equitpment 1.000 10 - 10%Inite .500
Cost

School idLding- 5,000 $.O/s. 0025
ft.

Stomge Sheds ft 0
vOO .l0/sq .0

TOTAL MAINTE CQTS $1.699

FIGURE P-25 GUIDED MISSILE SISTEK MAIMNTANCE COSTS

be Effect of TVl "An Missile Ranm to 40 aw 1000 hautIcal KMile,

As udeil.s volume/range !-ncreases requirements for heavier
handling gear, more school equipuent and larger storage
and cheekout facilities are required. These are increased
for missile range as follows

I'% SEC ET



I
Gu3ded vissile Bystun equipment and buildings are variable
of missile rangs/volume, thus costs increase in all the
areas of Figure F-25 when missile range is increased,

Depot handling equipment required beomes heavy due to
larger missiles and increase in cost. Depot checkout
equipment costs increase due to increase in complexity,Iespecially of guidance9 in the longer range missiles. The
sam is true of school equipment. Missile simulators and
launchers became more complex and costly.

Building space requirements increase with larger missiles
thus, cost of building mintesance increases with missiles
of lor4Mr range.

I
I
I

ii,

!'
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r PART G

Operational Avaiability and System Growth

J In the ew.luation of the strike-rubmarne weapon system consideration was
given to the factors of operational availability and system growth. The
derinitions of operational availability and system growth, the operational
availability of strike-submarine wespon systems, and the data pertinent t.o
the growth of the system are presented in Chapter 11 The detailing of
the bases for and the method of determining the availability of the Vstem
ari presented below.

OPATI LAVAQABP41T

I e~, iie Ooeratienal Av.ilabiity

The time required for new guided assile desg.s to become operation-
allv available is presented in Figure G-1,' which is the same as
Figure U.-1, GWuded missile operational availability is shown as a
ftnation of the gross weight of the missile. The figure is based on
the time requirements, actual or estimated of various guided aiabilo
program of the United States. The analysis of the various program
revealed that a design based essentially an the same knowledge employed
in preceding designs would becom operational in approximately eightyr
per cent of the time required for the original desigas.

Figures 0-2 through G-4 sets forth missile characteristic data for
Mach 3,5 ramjet cruise, liquid propeant ballistic, and solid pro,-
pellant ballistic guided missiles -, where missile gross weight vs
missile range is shown as a functin of missile warhead weight.
Missile operational availaoility, from Figure G-l, is also platted :i
FigureD G-2 through G-4.

1) Figure 0 1 is based on data from the following souroess Baarc
(Booing Aircraft Company), Corporal (California Institute of
Tecbnloj et Propulsion Laboratory)v Matador (Glenn L, Martin),
Redstone (Redstone Arsenal), Nike Oell Telephone Laboratory),
LaCrosse (Cornell Aeronautical Laboratory)9 Oriole (Glenn L,, Marti,.n
Falcon (Hughes Aircraft Compapy), Rascal (Bell Aircraft Corporatlon)pSparrow T(Sperry Gyroscope), Sparrow lI(Douglaa Aircraft Compary)9
[ row II(Raytheon), Regulus (Chance Vought)g Sidewindsr(VoSa, as Test Station), Snark (Northrop Aircraft), and Nav;aiho
(North American Aviation) progress reporte UoSoNaval Ordnance Te**
Staticne United States Mvy Bureau of Ordnance and Bureau of Aes-[ nautios; Redstone Arsenall California Institute of Technology/Jet
Propulsion Laboratoryl Northrop Aircraft Corporationj North Americsn
Aviation, Inc.

I 2) W.,sila characteristic data based on the data presented in Appe-lix B,

T, mm mI
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[Figures G-5 throvgh G-7 depicts the results of crossa.plotting the
missile vharacteristice data and missile availability data in Figures
0-2 through G-4, respectively. In Figures G 5 through G-7 missile[operational availability in ehibited as a function of missile warhead
weight and missle rang. The data for the fifteen hundred pound
warhead missile designs are shown in Figures G-21 through G-59.

2. § j.ae oetional Av#i2 1.U

The time required for a qqbmarine to becam operationally available
is shown in Figure G '", which in the sam as Figure 11-3. Then,
employing the submarine operational availability data in Figure 0-8
end taking into conside ticn the submarim cost data presented in
Figures G-9 and G-10, 21, the submarine operational availability is
portrore in Figures G-11 through 0-13 as a function of submarine dis-
plae.m nt (surface), the number of submarines, and the annmal rate of
expenditure for submarineso The cost data of the converted World War
Ij disel-alectric fleet type submarines is set forth in Figure G-141
., idach data are used in the deteimination of the operational avail-
ability of the converted eubmarines, as shan in Figures 0-57 throuh[0-59.
Figures G-15 through G-20 depict submarine displacement vs. missile
range data as a funntion of both missj3e warhead weight and also.
eutiarine missile loading capacity, 49, his data is sham for both
nuclear powered and diesel-electrit powered submarines which are to
carr Nuch 3,5 raaJet cruise, liquid propellant ballistic, Or solid1propellant ballistic guided missiles.

1) Figure G-8 is based on data from the following sourcesR Eectric
Bcat Division, General Dynamics Corporationy United States 1avy
zreau of .'bipe, Submrine Branchg are Island Naval Shiyprd;I ~Jane's Fighting Ships, Janets Fighting Ships Publishing Cap Ltdo,

1954-1955 Edition.
2) Submarine coat data based on the data presented in Chapter 10.
3) Oftverted World War II diesel-electric fleet type surine cost

datA based an the data presentec in Chapter 10*
4) Subrine chtracteristic data based on the data presented in

Appendixc 4.

1!
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CONVAIR, PoMonA

Th* data contained in Figures CG-i through G-13 anid the data in Figures
0-15 throuei G-20 are then cross-plotted to determine for the vaeus
submarine designs the submarine operational availability an a function
of missile range,, the annual rate of expenditure for submrines, and
both the nuidber of submarines (which is shown in Figures G-21 through
C-38) and also, the missile loading capacity of the eutmarine (u4d.h
is shown in Figures G.39 through G-56), The result of this cross-
plotting is presented in Figures G-21 through G-56 for submarins
designs based on carrying guided missiles with fifteen huruhed pound
trheadsz Similarly,, ?1gures C- 57 through (-59 prement the opera.
tional ava.iability of converted World War 11 dieseil- eect:-ic fleet
type submarines o

3. Bu etary Cosidaratioas

The feeral budget is iluenced by ma v factors be4ond the control of
the naval planners and has varied radically inI the last decade* The
fiscal year 1956 appears to be an average one in the countcr balsaring
of these factors, In the budget estimates presented to Congress, the
Navy asiked for roughly 2T6#000,000 in shipbuilding and couversion monies
for CVA types, This was divided as folo191

1 Now Construction CVA $189,11,000
1 Conversion CVA 58,000,000
3 Angled dock Conversion CVA 18,908,000
1 Helicopter Transport Cony. CVUH 10#307000

TOTAL $276,526,000

Since the carrier task force ecncept is a well established ons, this budget
appears as an approximate upper limit for a particular weapon ysteUms ship-
building and conversion annual authorisation, Simlarly, the 1956 pwopovale
for submarines, other than entirely new types wre:

4. Conventional SS $ 93,297,000
2 Nuclear SS 96,180,000
l Nuclear Radar Picket 9WI,100

TOTAL $28o5l,0oO

In the relatively tow field of guied missile submarines (SSG) the extent of
the proposals were more limited.

1 WO Conversion $ 5,090,000
.1 S3 Now Construction W,173,00

TOTAL $ 49s6 6 3#000

I SECt ET



L
CONVAIR

A Division of Goneral Dynamics Corporition
(Pomona)

Although there have been several. conversions of SS to SSG, this class my
be cormidered as a complately new type in fiscal 1956. Hence, .5OOOOOOO
may be conidered a lower limit of the annual "shipbuilding and conversion"
budget for a new type of ship.

Bisregsrding the "research and dvelopment" appropriations necessary for the
missile tnd considering only shipbuilding, production, training, p6rsonnell,
and fae.ilidles appro" ".ations, the shipbuilding costs my amount to about
505 of the total cost of a system consisting of new ships and weaonss How -
ever, since the Congressional authorization to build ships gives fairly
effective arguments for Justification of personnel and other budgets, tie
lUaiz of the probable bidget wlfl be confired to the *Shipbuilding and Con-
ve ion" ipprqriato-., Thase may be assumed to be 850,000000 and

* The operatonal availability of the strike-subarine weapon stem
is determined from Figures G-21 through G-59, Figures G-W and G-61,
which are the same as Figures 11-5 and 11-6s illustrate the operational
availability of the weapon owteo

The data presented in Figures G-60 and G-61 are consistent with the
ass mpt.ions made in Chapter 1, the various configurtions of the weaponr s r'st described in Chapter 6, an assumed go-ahead date of January,
1,57, for initiating work on the weapon system, an annual expenditure
rate for submirlne. of two hundred million dollars per year, and
missile %rtrhead weights of fifteen hundred poundso
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Figure G-8 & 11-3
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